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INTRODUCTION 
Selection, either natural or artificial, is an integral phase of any 
breeding program and has been applied to agricultural crops for hundreds 
of years. Mass selection was perhaps one of the first forms of selection 
practiced. Artificial mass selection involves the selection and the 
retention in bulk of phenotypically desirable types from a genetically 
heterogeneous population. If effective, this form of selection increases 
gene frequency of the selected character(s). The selection criteria may 
be made either visually, mechanically, or both. For example, seed color 
or plant growth habit would be made visually, while seed size could be 
made mechanically, visually, or both. 
Mass selection affords several advantages over other breeding systems 
in that a large number of crosses and large populations within each cross 
can be maintained easily. Since the populations are maintained in bulk, 
little effort is devoted to any one population until testing is done. 
Natural selection can act on the population during the advancing genera­
tions and hastens progress providing this selection does not counteract 
artificial selection. In general, mechanical screening devices, can be 
applied easily and inexpensively. Since pedigree selection is not 
practiced in early generations little labor is required during this 
period. 
The lack of individual plant identity and possible counteracting 
natural selection pressures are disadvantages inherent to a mass selec­
tion procedure. If a mass selected populations is released for public 
use without pedigree selection in later generations then mass selection 
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would be less adapted to certification requirements as compared with 
other breeding procedures. 
The effectiveness of mass selection for improvement of a character 
is dependent upon the heritability of the selected character. In general, 
the more heritable the character the greater is the expected gain from 
selection. Any response in a character resulting from selection of a 
correlated character would be dependent upon the heritability of each 
character and the genetic correlation between the two characters. 
The objectives of this study were (1) to evaluate specific gravity 
separations as a mass selection technique for protein and oil in segre­
gating hybrid soybean populations (Glycine max (L.) Merrill), (2) to 
evaluate the effectiveness of the number of separations, and (3) to 
investigate the interrelationships of seed density with other agronomic 
and chemical attributes. These objectives were evaluated using and Fg 
derived lines in the Fg, F^, and Fg generation of two related hybrid 
soybean populations. 
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REVIEW OF LITERATURE 
Both natural and artificial selection are the effective selective 
forces active in crop improvement. Genetic variability must exist in the 
population before selection is to be effective. In self-pollinated plants, 
mass and pedigree selection have been employed to capitalize on genetic 
variability. The primary objective of mass selection is to combine into 
one population those genes favorable for improvement of the crop. In 
general, mass selection has been most effective for improvement of the 
more heritable characters. 
Artificial and Natural Mass Selection 
Among the first authoritative evidence of mass selection was the 
ear-to-row selection method practiced by Hopkins (1899). This method was 
effective for increasing protein and decreasing oil content of the corn 
kernel. After five years of mass selection, Smith (1909) increased the 
distance between high and low ears from 14 to 34 inches. Newman (1912) 
stated that the Swedish Seed Association used mass selection to increase 
seed size and winter hardiness in barley. 
Williams and Welton (1915) obtained no appreciable increase in yield 
after 10 years of mass selection for long and short ears of corn. 
However, after 8 years of selection the long ears had decreased in length 
from 9.4 to 9.1 inches, and the short ears decreased from 7.1 to 6.1 
inches. Ear height was increased in the respective populations. Love 
(1927) described the bulk and pedigree method of breeding and selection 
in self-pollinated species. The bulk method was actually compositing 
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seed each generation until one desired to test or pedigree. He 
suggested the only selection to be practiced was natural selection. He 
did propose, however, creating a disease epiphytotic in early generations 
to eliminate undesirable types. 
The importance of maintaining large populations to include all 
recombinants was emphasized by Florell (1929). He suggested bulking 
populations following hybridization in contrast.to pedigree selection 
and indicated that artificial selection for shattering resistance had 
been practiced in bulk populations of cereal crops. Harrington (1937) 
described the mass-pedigree system for cereal crop improvement. This 
system was to single plant progeny test from a bulk population whenever 
the previous season provided an opportunity for selection. 
Though some progress was made in a few cases, mass selection gave 
way in the 1920's to the pedigree system. Few scientists continued to 
work with the mass selection system; however, more recently it has 
received increased attention. Selection for characters controlled by 
numerous loci, improper selection, and plot techniques were factors 
contributing to the lack of success of mass selection in the early years. 
Bal et, £l. (1959), studying genetic shifts during 30 generations of natural 
selection in barley, related that two populations of the Composite Cross 
II had been selected for large and small seed from the to the F^^ 
generation. The effects of the directed selection persisted after the 
30th generation. 
Bennett (1959) and Weihing (1962) used a water-soaking technique 
to effectively mass select for hard seed in crimson and persian clover, 
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respectively. The former author observed an increase in hard seed from 
.8 to 11.9 percent after two cycles of selection, and found that 
artificial selection was more effective than natural selection. The 
latter author found that after six cycles of selection the percent hard 
seed had increased from .4 to 74.0. In experiments with rye from 1951 
to 1959, Hoogland (1961) found that the leaf number per plant was 
increased considerably using mass selection. Romero and Frey (1966) 
practiced mass selection for height in oats for four generations beginning 
with a composite of plants from 250 crosses. The mass selection tech­
nique was clipping the plants of the composite to a uniform height with 
lawn clippers. Mean plant height increased .21 inch per generation in 
the unselected population, whereas the mean of the mass-selected popula­
tion decreased by .47 inch per generation. 
Density of oil from soybean seed is approximately .93 gram per cubic 
centimeter while the density of the non-oil portion of the seed is within 
the range of 1.3 to 1.4 grams per cubic centimeter. A series of glycerol-
water solutions with step-wise-increasing specific gravities were used 
by Hartwig and Collins (1962) to stratify a lot of soybean seed into 
specific gravity classifications. Those lots of seed having a high 
specific gravity classification had a protein percentage above the mean 
of the original lot, and the lots having low specific gravity classifica­
tion had an oil percentage above the mean of the original lot of seed. 
These authors concluded that specific gravity separations could be used 
effectively as a coarse screening technique to increase the frequency 
of plant progenies having high protein or high oil. 
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Atkins (1953), working with a less heritable character, yield, 
concluded that mass selection was not effective in isolating appreciably 
higher yielding barley lines. Selections were made at maturity for 
vigorous plants with large, well-filled, disease-free heads in 11 bulk 
hybrid barley populations. Gardner (1961) applied a systematic sampling, 
mass selection scheme to an open-pollinated com variety. Each year the 
field was stratified into small areas containing 40 plants each. Seed 
from the highest yielding 10 percent of the plants from each stratum were 
bulked to produce the next generation. He increased yield 3.9 percent 
per year over the original population. A more precise separation of the 
genetic and environmental effects were realized using this sampling 
procedure. 
Before substantial gains are realized by mass selection for the less 
heritable characters the selection employed must be unbiased and, if 
possible, environmental influences should be estimated. Lonquist (1964) 
presented a mathematical model for observing phenotypes over years and 
locations to facilitate a mass selection program. He stated that the 
greatest limitation of a mass selection program is the evaluation of the 
phenotype in a single environment. In this case, the observed yield is 
expressed as 
P . = u + G. + e. 
1 XX 
where the effects of the environment are confounded with estimates of 
G^ and e^, the genetic effect and random error, respectively. Estimation 
of based on years and locations would give estimates of the genotype 
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by environment interactions and a more precise measurement of G^.. Since 
only the genetic portion of the total variability is a contributing 
factor in the expected gain from selection, then the importance of 
estimating free of genotype by environment interaction becomes evident. 
The dynamic effects of natural selection should not be overlooked in 
any breeding program. The selection pressures applied to a species by 
man may counteract natural selection pressures favorable for the fitness 
of a species to the natural environment. Suneson (1949) studied variety 
survival in a mixture of four barley varieties. After 16 years of natural 
selection two of the component varieties were all but extinct. One of 
these varieties, however, had a significantly better yield and leaf 
disease record than the others grown in pure stand. The variety which 
dominated the mixture had the poorest leaf disease record and a mean 
yield below the average for the component varieties. Harlan (1956) 
stated that if a selective advantage exists for a character it is often 
offset by some disadvantage. Yet this character is generally maintained 
in the population at a low frequency both in the presence or absence of 
a selective force. 
Further evidence of natural selection was presented by Harlan and 
Martini (1938), In this study a mixture of 11 barley varieties was 
grown at 10 locations for 4 to 12 years. At all locations there was 
rapid elimination of the less adapted types, and no one variety dominated 
the mixture at all locations. At two locations the predominant variety 
in the mixture was a different variety than commercially grown in that 
respective area, Suneson and Stevens (1953), Suneson (1956), and 
Harlan (1956) relied to an appreciable degree upon the forces of natural 
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selection in their bulk barley population composite crosses. A large 
number of varieties are intercrossed to generate the composites and then 
maintained in bulk. Suneson (1956) referred to this as "an evolutionary 
plant breeding method". He stated that its main features are a broad 
1 
diversified germ plasm and a prolonged subjection of the progeny to 
natural selection in the area of contemplated use. Harlan (1956) 
indicated that the success of this system was evident in that 15 varieties 
of barley had been selected from the composite cross populations. Also, 
it was indicated that composite cross II would be released as a feed 
grain. 
Natural selection forces such as rainfall and temperature were 
contributing factors to the selective survival of desirable types of rice 
(Adair and Jones, 1946). These authors observed a wide range in maturity, 
height, grain type, and awn development after eight generations of selec­
tion. They suggested using the bulk method of breeding to obtain desir­
able disease resistance coupled with desirable agronomic characteristics, 
Mumaw and Weber (1957) and Laude and Swanson (1943) studied the effects 
of natural selection on varietal mixtures of soybeans and winter wheat, 
respectively. The latter authors studied a mixture of two varieties 
grown at two locations. After nine years the population consisted of 
one predominant variety in both locations. The former authors noted a 
change in varietal percentage in three simulated bulk populations after 
5 years of testing. 
Finker (1964) investigated the effect of natural selection on winter 
survival in populations of bulk winter oats and concluded that this form 
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of selection was not efficient in eliminating non-winter hardy types. 
Jain and Allard (1960) gave evidence for heterozygote advantage in a 
closed barley population. They postulated that heterozygote advantages 
may have important adaptive implications in the maintenance of population 
variability and hence in evolutionary potential of self-fertilized species. 
Evidence suggests that artificial mass selection can effectively 
alter gene frequencies in a population. Greatest progress was realized 
with the more heritable characters, while natural selection pressures 
create equally significant population changes. 
Heritability and Interrelationship of Characters 
Heritability as first defined by Lush (1937) refers to the portion 
of the variability due to additive genetic varianee--narrow sense 
heritability--or to the portion due to total genetic variance--herit­
ability in the broad sense. Estimates of heritability have been 
obtained by using either parent-offspring regression or variance component 
techniques. Hanson (1963) considered heritability and plant and animal 
interrelationships. He defined heritability, H, from a plant science 
concept, in terms of the fraction of the selection differential realized 
and emphasized that the unit of reference is most critical. 
An extensive summary of the literature concerning heritabilities in 
soybeans was presented by Johnson and Bernard (1962). They indicated 
that estimates have been obtained from various segregating generations 
and varying environmental conditions. Emphasis was placed on a careful 
study of the materials and methods employed before a critical comparison 
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of the estimates could be made. In general, however, estimates of seed 
yield tended to be lower than for other characters considered. Estimates 
for heritability and interrelationship between characters are often 
reported simultaneously in the literature. Therefore, to prevent duplica­
tion, these two parameters will be reported concurrently. 
Genotypic and phenotypic correlations between characters are statist­
ical estimates of the degree of genetic and phenotypic association, 
respectively, of these characters. Estimates of these statistics are 
easily obtained from genetic data. The genotypic correlation is related 
to the various forms of gene action or to the total effect of the genotype. 
Estimates of the phenotypic correlation contain environmental relation­
ships, and selection based on these latter, correlations often leads to 
insignificant results. However, the magnitude and direction of these 
statistics indicate the degree of relationships between the characters 
under study. 
Estimates of phenotypic correlations were obtained by Woodworth 
(1933), Twenty-six soybean varieties were studied with little association 
observed between plant yield and several yield components (number of 
nodes, number of pods per node, and number of seeds per pod). High 
average weight per 100 seeds and a low percent abortive seed were found 
to be associated with plant yield. Contrastingly, Weatherspoon and Wentz 
(1934) found significant correlations between yield and height, number 
of nodes per plant, number of pods per plant, and number of pods per 
node. Genotypic and phenotypic correlations between all pairs of nine 
characters measured in the and generation over two years for three 
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soybean crosses were reported by Anand and Torrie (1963). In general, 
genotypic correlations were larger than the phenotypic. Like earlier 
investigations, the association between seed yield and seeds per pod, 
seed weight, and height varied between populations. High seed yield 
tended to be associated with susceptibility to lodging, tallness, and 
late maturity. Estimates of heritability were low for seed yield and, 
in general, were high for lodging, height, flowering, fruiting, and 
maturity. Estimates of heritability varied between crosses. Similar 
results were reported by Kwon and Torrie (1964) for two soybean crosses. 
Heritability estimates for 24 characters in two soybean populations 
were reported by Johnson et £l. (1955a). The variance component tech­
nique was used to calculate these estimates and emphasis was placed on 
the inadequacy of estimating genetic variance when testing in a limited 
number of environments. Estimates of heritability obtained from 
individual location testing are not presented, however, genetic variabil­
ity for yield, height, seed weight and oil percentage was decreased when 
the effects of locations, years, or both were considered. 
Johnson et aj.. (1955b) estimated phenotypic and genotypic correla­
tions between 24 characters in two populations of lines of soybeans 
evaluated in the generation. Estimates were obtained on both a plot 
and on an individual plant basis with the former method giving the most 
consistent results between populations. In general, the genotypic 
correlations were larger than the phenotypic. Oil and protein were 
negatively associated in both populations. High oil was genetically 
correlated with early flowering, long fruiting period, and earliness. 
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High protein was negatively correlated genetically with resistance to 
shattering in the two populations and with high yield in one population. 
Weber and Moorthy (1952) found that oil content was 54.7 percent 
heritable in the seed from plants in three soybean crosses. Herit-
ability estimates were calculated as a ratio of genotypic variance to 
phenotypic variance. The genotypic variances and covariances were 
estimated from the and nonsegregating and parent phenotypic variances 
and covariances. As previously reported, genotypic correlations were 
larger than phenotypic correlations. These authors suggested that posi­
tive association between period from flowering to maturity and oil content 
coupled with a negative association between flowering time and oil per­
centage could facilitate selecting for high oil. 
An extensive study was conducted by Weiss al., (1952) to measure 
the association of agronomic characters and temperature with seed com­
positional characters in soybeans as influenced by variety and planting 
date. No significant variability for the correlations was observed among 
variety means when observed in different locations, years or both. Among 
dates of planting the correlations for protein content with oil content 
and mean temperature with oil content differed among locations. Associa­
tions of maturity date with protein content and oil content with days 
from flowering to maturity, mean temperature, and iodine number of oil 
varied among years. Late planting of the earliest and latest variety 
caused a decrease in length of period from flowering to maturity, which 
was associated with decreased oil content. 
The mean temperature during the growing season influenced chemical 
composition of the soybean seed (Viljoen, 1937). This study was conducted 
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for two years at 9 and 12 locations in South Africa. A positive correla­
tion of .86 was observed between oil content and mean temperature while 
the mean temperature was negatively associated with protein content. 
Similarly, the mean minimum temperature was associated with these chemical 
characters. 
Yoshino et a_l. (1955) investigated the possibility of measuring the 
oil content of soybean seed by determining the specific gravity of the 
seed. Heritabilities and correlations of nine characters were estimated 
on plants from 10 soybean crosses. Heritability of specific gravity 
of the seed was 47.2 percent, this being the lowest estimate for any 
character. A high positive correlation was observed between specific 
gravity of the seed and maturity. The oil content of the seed was not 
reported in this study. Hart wig and Collins (1962) separated F^ 
seed of one soybean cross into specific gravity classifications using a 
series of glycerol-water solutions with step-wise-increasing specific 
gravities. The specific gravity classifications on the F^ and F^ seed 
were correlated with the chemical composition of the seed from F^ and F^ 
plants, respefCtively. They observed positive correlations of .46 and 
.51 for specific gravity with protein percentage and negative correla­
tions of .67 and .78 for specific gravity with oil percentage. 
Johnson (1932) and Ford and Zimmerman (1964) observed a positive 
association between oil content of flax seed and seed weight. The former 
author studied 46 varieties over a two year period, and in addition to 
the above correlation found that, oil content of the seed was positively 
correlated with maturity and number of days from full bloom to maturity. 
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The latter authors concluded that oil content was decreased as date of 
planting was delayed. The most critical period for oil content was 
three weeks after flowering. 
Genetic Advance and Correlated Response 
One of the main uses of heritability and correlation estimates is 
to aid the breeder in selection. The expected genetic advance for a 
character is a function of its heritability, its phenotypic variance, 
and the selection pressure applied. The expected response in a character 
(correlated response) resulting from selection of other characters is a 
function of the selection intensity, the heritabilities of each character 
involved, the genetic correlation between the characters, and the pheno­
typic Variance of the unselected character (Falconer, 1960). 
Johnson e^ al. (1955a) obtained the predicted genetic advance for 
24 characters in two populations of soybeans. In general, the genetic 
advance for yield was greater than for either protein or oil percentage. 
The greatest advance was expected for percent three seeded pods. 
Johnson e^ (1955b) studied correlated responses in two soybean 
populations. They concluded that progress expected in yield resulting i 
from selection for other characters genetically correlated with yield 
varied considerably between the two populations. Selection for early 
flowering, long fruiting period, earliness, high yield, heavy seed, 
resistance to lodging, and low protein should be effective in increasing 
oil percentage. 
Expected genetic advances were calculated for various soybean popula­
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tions by Anand and Torrie (1963) and Kwon and Torrie (1964). Their 
results agreed with earlier reported investigations. Kwon and Torrie 
observed an expected genetic advance for protein and oil percentages in 
soybean seed of 1.1 and .4, respectively. 
Estimates of expected genetic progress based on variance estimates 
agreed with those calculated* from actual gain for one soybean population 
(Hanson and Weber, 1962). Byth (1965) found that estimates of predicted 
genetic advances for two soybean crosses varied among environments. He 
questioned the reliability of these estimates unless some provision is 
made to estimate the genotype by environment interaction. With the 
exception of early lodging, correlated yield response resulting from 
selection of other traits was small. Prey and Horner (1955) obtained 
close agreement between actual gains and gains predicted on the basis of 
variance components for and generation of two barley crosses. 
Gardner (1961), practicing mass selection for higher seed yield in corn, 
observed close agreement between actual gain per cycle of selection and 
that predicted based on nonestimated within-plot variance. 
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MTERIALS AND METHODS 
Genetic Material and Character Evaluation 
Populations for this study -were derived from two soybean crosses 
made at Ames, Iowa in 1957. These crosses involved an adapted variety 
as the female parent and two high protein sister strains as male parents. 
These crosses were AX143 - (Lindarin x A54-3159) and AX144 - (Lindarin 
X A54-3202). Chemical composition of the parent strains was: 
Parent Protein (%) Oil (%) 
Lindarin 39.9 21.0 
A54-3159 44.1 19.1 
A54-3202 42.2 21.6 
The parentage of the parent strains was: 
Lindarin - Mandarin (Ottawa) x (Mandarin x Manchu) 
A54-3159 and A54-3202 - (Mukden x Richland) x Capita, 1 
Spaced plants were grown at Ames, in 1958, and bulked by cross. 
The F2 populations were grown in 1959. In cross AX143, phenotypic plant 
selections were classified into three maturity groups corresponding to 
three adapted check varieties--Blackhawk (early), Hawkeye (midseason), 
and Ford (late). After each plant was threshed four random seeds were 
taken for specific gravity separation and one random seed was placed in 
a random control lot. The seed selected for specific gravity separations 
were bulked by maturity group while the seed for the random lot was bulked 
across maturities. AX144 was handled similar to AX143 except the seeds 
selected for specific gravity separation were bulked across maturity 
groups. Each maturity group was equally represented in this composite. 
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The three seed lots from AX143 and the one lot from AX144 were 
subjected to a series of glycerol-water solutions and separated (separa­
tion 1) into two specific gravity groups (high and low). Approximately 
25 percent of each original seed lot was represented in each the high 
and low group. 
Eight specific gravity groups (F^ seed) and the two control popula­
tions were grown as bulk populations in 1960. At maturity, from two to 
five pods per plant were picked and bulked in each population. Pods 
were picked equi-distant between ground level and the top of each plant 
soon after maturity; thus, reducing biased specific gravity ratings due 
to poor seed quality and seed size. 
The eight specific gravity populations (F^ seed) were again subjected 
to specific gravity separations (separation 2). Directed selection was 
continued in each population, e.g. selection for high specific gravity 
seed only in the high specific gravity populations. The control popula­
tions were reduced in seed number comparable to that of the specific 
gravity groups to maintain uniform population size. 
The processes of planting bulk populations, pod picking, and specific 
gravity separating were repeated on each population until four separa­
tions had been made. The third and fourth separations were made on 
and Fg seed, respectively. The percent reduction in seed number and 
specific gravity ratings for each population in each generation are 
presented in Table 1. Seed was saved that sank or floated in the 
designated specific gravity rating for high and low groups, respectively. 
In each population in 1961, after pods were picked, single plant 
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Table 1. Percent reduction in seed number and specific gravity rating 
in each population for each generation 
Reduction in 
seed number (%) Specific gravity rating 
, Generation^ Generation^ 
Population Fg Fg F^ F^ F^ Fg 
AX143 E Hi 24 22 23 21 1.235 1.248 1.248 1.240 
Lo 26 20 23 20 1.216 1.214 1.220 1.202 
M Hi 26 21 26 21 1.235 1.245 1.248 1.246 
Lo 24 20 21 23 1.220 1.221 1.230 1.213 
L Hi 27 24 29 23 1.235 1.245 1.240 1.248 
Lo 30 19 29 28 1.224 1.218 1.225 1.220 
AX144 Hi 26 15 19 18 1.230 1.240 1.248 1.238 
Lo 29 23 24 18 1.214 1.210 1.225 1.202 
^Denotes generation of the seed. 
^In this table and all tables hereafter, E, M, and L refer to early, 
midseason and late maturity groups, respectively; in this table and all 
tables and figures hereafter Hi and Lo refer to High and Low specific 
gravity groups, respectively. 
selections were made and advanced to F^ plant rows in 1962. In AX143, 
10 plants were taken in each maturity and specific gravity groups. 
Sixty plants were selected from the AX143 control population with 20 
plants representing each maturity group. In ÂX144, 20 plants were 
selected in each specific gravity group with 10 representing each the 
midseason and late maturity classes. Twenty plants were selected in 
each of the two maturity classes from the AX144 control population. 
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In 1963, 200 lines in the generation were tested in two replications 
at the Agronomy Farm, Ames (environment 1). A bulk sample of each line 
was advanced for testing in 1965. These derived lines represented 
cycle 1 of selection (2 specific gravity separations). 
In 1964, after the fourth specific gravity separation, the eight 
specific gravity and two control populations were grown and single plant 
selections were made in each population at maturity. The number of plants 
selected in each population corresponded to the number selected in 1961. 
Each cross and the control populations were stratified into the three 
maturity groups. In 1964 F^ plant rows were grown and a bulk sample 
advanced to 1965 for testing. These Fg derived lines represented cycle 
2 of selection (4 specific gravity separations). 
In 1965, each specific gravity group and each control population in 
each of five maturity groups (AX143--early, midseason, and late; AX144--
midseason and late) consisted of 10 F^ derived (cycle 1) and 10 F^ 
derived (cycle 2) lines. The number of lines in each control population 
was reduced from 20 to 10 to correspond with the number representing a 
specific gravity population. The F^ and F^ derived lines were evaluated 
in the F^ and Fg generation, respectively. A total of 300 lines were 
tested in two replications at each of two locations--Agronomy Farm 
(environment 2) and Squaw Creek Bottom (environment 3), Ames. Each plot : 
in all environments consisted of a 12-foot row, 40 inches wide, trimmed 
to 10 feet at harvest. Planting dates were May 17, 31, and 10 for 
environments 1, 2, and 3, respectively. About 9 plants per foot of row 
were grown in each test. On environment 3, 1.5 inches of water were 
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applied by overhead irrigation on May 20 to facilitate germination and to 
activate the herbicide Amiben. All plots were kept weed-free throughout 
the growing season. 
Monthly temperature and percipitation departures from normal are 
presented for the 1963 and 1965 growing season at the Agronomy Farm, Ames. 
(Table 2). Growing conditions were excellent in 1963 with optimum charac­
ter expression observed. In 1965, environment 2 suffered a moisture 
stress in June, July, and August which limited character expression. The 
temperature and percipitation departures from normal in 1965 approximate 
the climatic conditions for Squaw Creek Bottom with the exception that 
3.5 inches of water were applied by overhead irrigation on July 28. 
The attributes listed below were evaluated on a plot basis in 
environments 2 and 3. With the exception of early lodging, the same 
attributes were evaluated in environment 1. 
Seed yield--hundred weight per acre; air dried to uniform moisture. 
Maturity--days after August 31 when 95-100 percent of pods turned 
brown. 
Lodging--scored at maturity; scale ranged from 1.0 (all plants 
erect) to 5.0 (most plants prostrate). 
Height--inches from ground level to the highest part of mature 
plant. 
Seed size--grams per 100 random whole seed. 
Protein and oil percent--determined on dry weight basis. 
Early lodging--scored as for lodging; recorded on September 1 and 
August 25 for environments 2 and 3, respectively. 
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Table 2. Monthly temperature and percipitation departures from normal 
for the growing season, Agronomy Farm, Ames, Iowa, 1963 and 1965 
Departures from normal 
Temperature (°F) Precipitation (in) 
Month 1963 1965 1963 1965 
May -0.3 5.4 1.4 0.4 
June 3.3 -1.0 -2.8 -0.4 
July -0.6 -1.3 0.9 -1.7 
August -2.6 -1.8 1.2 -1.2 
September 0.8 -4.4 -1.0 3.9 
1 Mean 0.1 -0.6 Total -0.3 1.2 
Seed density--grams per cubic centimeter; random sample of 
I 
approximately 23 grams of clean, whole seed. Volume measured 
with a Beckman gas pycnometer. 
Experimental Design and Parameter Estimation 
The experimental design for environment 1 was a split plot in two 
replications. Each of the five whole plots contained 40 derived 
lines and corresponded to the five cross-maturity groups. The design 
for environments 2 and 3 was a split-split plot design in two replications 
with whole plots corresponding to the five cross-maturity groups with 
each containing 60 lines. The sub-plots were specific gravity groups 
containing 20 lines within a cross-maturity group. Data from individual 
plots were evaluated within a cross-maturity group then combined across 
appropriate maturity groups in a cross. 
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For whole-plots across environments the following model was used: 
%ljk = u + Ei + + \ + + e.jk 
For sub-plots across environments the model was: 
^ijklmn ~ ^ ijkl ^ ^ijklm ^ijklmn ^ ^ ^^^ikl 
(^^^iklm (^^^iklmn ®ijklmn 
where, u = mean 
= i^^ environment; i = 1 to 2 
= k^^ maturity group k = 1 to 5 
replication of the i^^ environment; j = 1 to 2, 
^ijkl ~ specific gravity in k^^ maturity group in rep 
in i^^ environment ; 1 = 1 to 3, 
^ijklm ~ cycle in 1^^ specific gravity in k^^ maturity group 
in rep in i^^ environment; m = 1 to 2, 
r, th T . . th . . ith . _c- . .th ijklmn ~ ^  Ixne in m cycle in 1 specific gravity in k 
maturity group in rep in 1^^ environment; n = 1 to 10, 
e. and e, , = replication interaction and random error, ijk ijklmn 
All combinations of symbols refer to interactions between main effects. 
In this study, no distinction was made between year and location 
effects; therefore, these effects were grouped as environments. The 
effects of replication, environments, and lines were considered random 
and the effects of cross-maturity groups, specific gravities, and cycles 
were assumed fixed. Analysis of variance and expected mean squares for 
whole-plots across environments are presented in Table 3. A typical 
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sub-plot analysis and expected mean squares for data in environment 1 
and environments 2 and 3 combined are presented in Table 4. The analyses 
for a single environment followed the combined formats with the exception 
that environmental effects and interactions were omitted. Also, the cycle 
effects were eliminated from these analyses for the data in environment 1. 
Phenotypic and genotypic variance and covariance components for 
combined environments were estimated by equating mean squares and cross 
products to their respective expectations and solving for the appropriate 
components as follows; 
4  -  + 4 a p / i  = MS^/4 
2 2 2 
= fe + *g, 
4 2 
% " (^e + 20ge ' ^Og^)/* = (MS^ - MS^^)/4, 
and 
»!- = + 20^2 - abl2 = (MS - MS )/2, ge e ge e / ge 
2 2 2 2 
where a , a , a , and a are phenotypic, genotypic, genotype by environ-p g ge e 
ment, and error components, respectively. jMS^, , and MS^ represent 
genotypic, genotype by environment, and error mean squares or cross 
products, respectively. All estimates were obtained on a mean line 
basis. Component estimates for individual environments were obtained in 
similar manner. 
Heritability estimates in the broad sense were obtained as a ratio 
of the genotypic variance to phenotypic variance. Heritabilities based 
on advanced generations of selfed progenies approach narrow sense herit­
abilities since the total genetic variability consists mainly of additive 
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Table 3. Analysis of variance and expected mean squares for whole plots 
combined across environments 
Source of variation d.f. Expected mean squares 
Total 
Environments (Env) 
Maturity Groups (MG) 
MG in AX143 
MG in AX144 
AX143 vs. AX144 
Env X MG 
Env X MG in AX143 
Env X MG in AX144 
Env X AX143 vs. AX144 
Replications in 
Environments (R/Env) 
R/Env X MG 
19 
1 
4 
2 
1 
1 
2 
1 
1 
2 
8 
2 ^ o 2 
"'ij "^i 
2  „  2  , 2  
a.+ Zo., + 4oi. 
'ijk 'ik 
2 
°ijk 
2 
2oïk(l) 
2 
^ijk •*" ^^ik(2) + '•4(2) 
2 
°ijk 
o 2 
Gik(3) + ''4(3) 
2 
*ijk ^ ^ Zcik 
2 
Oijk 
^ n 2 
°ik(l) 
2 
°ijk 
^ o 2 
°ik(2.) 
2 
°ijk 
^ 9 2 
^ °ik(3) 
2 
*ij 
2 
Oijk 
genetic variance (Hanson and Weber, 1961). Phenotypic and genotypic 
correlations were obtained as a ratio of the covariance component to the 
geometric mean of the variance components. Phenotypic components were 
used for phenotypic correlations and genotypic components for genotypic 
correlations. 
Table 4. Analysis of variance and expected mean squares for a typical sub-plot 
Source of variation d.f. Expected mean squares 
A. Analysis for data in environment 1 
All lines 39 + 2aJ 
Lines in Co^  19 
Lines in Hi 9 + ^ <^ 1(2) 
2 2 
Lines in Lo 9 
2 2 Co vs. Hi and Lo 1 o + 2a-, 
Hi vs. Lo 1 + 2o^  
Reps in all lines 39 
e " ""1(4) 
e ^^ 1(5) 
B. Analysis for environments 2 and 3 combined 
th ' 9 9 9 
All lines in k Maturity Group (MG) 59 ^^ n(k) 
th 2 2 ? 
Lines in 1 Specific Gravity (SG) 19 
th 2 2 2 
Lines in m Cycle 9 + 2°i.(klm) + %(kl.) 
01 vs. 02" I + 2a?,,, ,, + 4o^  
e "il(kl) "l(kl) 
Co vs. HI and Lo 1 
HI vs. Lo 1 + 2Ci3(k) + ^ (k) 
I^n this table and all tables and figures hereafter Co refers to the control population and CI 
and C2 refer to cycle 1 and cycle 2 within a specific gravity group, respectively. 
Table 4. (Continued) 
d.f. Expected mean squares 
59 + 2*in(k) 
Q  2 - 2  
"^ e i^n(klm) 
1 2 2 
°il(kl) 
i^2(k) 
1 2 2 
1 *e + 2*i3(k) 
na 
Source of variation 
Environments (Env) X All lines in k^  ^MG 
Env X Lines in 1^  ^SG 
Env X Lines in Cycle 
Env X Cl vs. C2 
Env X Co vs. Hi and Lo 
Env X Hi vs. Lo 
Reps/Env X All lines in k^  ^MG 
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Genetic Advance 
The selection criteria herein was specific gravity of the seed. 
Considering specific gravity as relative density (relative to water) 
then the high and low specific gravity separations would be expected to 
give high and low density seed, respectively. Assuming a 1:1 correspond­
ence between specific gravity and seed density the expected genetic gain 
from selection for seed density would be, 
AG = ih^  , 
2 
where âQ is the expected gain and i, h , and are the selection 
intensity, heritability, and phenotypic standard deviation for seed 
density, respectively. The response of a character resulting from selec­
tion of a correlated character would be as follows: 
AR = ih h r a , 
y y X gxy px' 
where is the expected genetic gain for the unselected character, Y, 
and i, h , h , r , and a are the selection differential applied to 
' y' x' gxy' px 
character X, square roots of heritability for characters X and Y, the 
genetic correlation between X and Y, and the phenotypic standard deviation 
for Y, respectively. 
Expected genetic advance for seed density and expected response for 
protein and oil resulting from selection for seed density were calculated 
according to the two formulas given above for the two selection cycles. 
Parameters estimated across all environments for the control populations 
were used to calculate the expected responses for cycle 1. Similarly, 
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expected responses for cycle 2 were calculated from parameters estimated 
for cycle 1. Selection pressures were assumed to be multiplicative 
between the and and the F^  and Fg generations for cycle 1 and cycle 
2, respectively. This assumption was necessary since the populations 
were not evaluated following each specific gravity separation. 
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RESULTS AND DISCUSSION 
Data were collected in two replications in three environments. 
Cycle 1 was evaluated in environments 1, 2, and 3. Cycle 2 was evaluated 
only in environments 2 and 3. All analyses were computed on each cross-
maturity group and pooled for each cross. Main effects and interaction 
mean squares were tested using the appropriate error mean square as 
presented in Tables 3 and 4. The order of presentation follows: 
(1) environment 1 analyses, (2) environment 2 and 3 analyses, (3) herit-
abilities and interrelationship of characters, and (4) genetic advance 
and correlated response. Throughout the text when the terms control, 
high, and low are used they will refer to the control (no selection), 
high specific gravity, and low specific gravity populations, respectively. 
Environment 1 Analyses 
Analyses of variance for all characters evaluated in environment 1 
are presented in Table 5, Whole-plot analyses indicated that maturity 
groups differed at the 5X level of probability for all characters with 
the exception of lodging. Maturity groups in both crosses were different 
(P < 5%) for maturity, height, seed size, and oil, and in AX143 for yield 
and seed density. The cross comparison (AX143 versus AX144) indicated 
that the two crosses differed in mean yield, maturity, height, seed 
size, and chemical composition. These differences were expected since 
the mean of AX144 does not include the early maturity group. The early 
lines in AX143 would be expected to decrease yield, height, and protein, 
and increase oil. 
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Table 5. Analyses of variance for characters in soybean lines from 
two crosses for environment 1, 1963 
Mean squares 
Source of variation d.f. Yield Maturity Lodging Height 
Replications (R) 1 137.36 6.76 65 54.76 
Maturity Groups (MG) 4 215.99** 2054.01** 82 331.61* 
MG in AX143 2 174.06** 3204.34** 02 368.93* 
MG in AX144 1 18.09 1000.00** 1 10 336.40* 
AX143 vs. AX144 1 497.77* 807.35** 2 12 252.60* 
R X MG 4 41.32 8.54 60 26.51 
Lines in AX143-AX144 195 4.56** 14.30** 28** 24.89** 
Lines in AX143 117 4.46** 15.18** 34** 11.49** 
Lines in Co^  57 4.96* 15.38** 32** 12.55** 
Lines in Hi 27 3.04 14.46** 12** 8.52** 
Lines in Lo 27 4.53 15.75** 23** 13.60** 
Co vs. Hi and Lo 3 9.08** 18.44** 10 5.72* 
Hi vs. Lo 3 2.46 9.74** 5&f(* 4.98 
Lines in AX144 78 4.71** 12.98** 18** 31.18** 
Lines in Co^  38 5.19** 10.93** 15** 22.76** 
Lines in Hi 18 4.11** 7.78** lO^fVf 24.74** 
Lines in Lo 18 4.32** 5.68** 10** 17.71** 
Go vs. Hi and Lo 2 .22 58.25** 01 21.06** 
Hi vs. Lo 2 8.77** 119.30** 24** 62.72** 
R X Lines in AX143- 195 1.98 1.14 .05 2.45 
AX144 
R X Lines in AX143 117 2.11 1.33 .07 2.02 
R X Lines in AX144 78 1.79 .86 .03 3.11 
Coefficient of variation (%) 7.0 7.1 14 .6 4.1 
B^ased on 20 lines in each control maturity group. 
this table and all tables hereafter will refer to significant 
differences at the 5% and 1% level of probability, respectively. 
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Table 5. (Continued) 
Mean squares 
Source of variation d.f. Seed size Protein Oil SDb 
Replications (R) 1 .56 .00 59 .000022 
Maturity Groups (MG) 4 17.59** 96.87** 55 30** .001015** 
MG in AX143 2 13.22** 1.91 11 13** .002077** 
MG in AX144 1 24.34** 10.30 5 18* .000021 
AX143 vs. AX144 1 9.58** 373.36** 193 57** .000001 
R X MG 4 .32 1.68 60 .000010 
Lines in AX143-AX144 195 4.01** 2.61** 1 08** .000070** 
Lines in AX143 117 4.03** 2.81** 1 .000082** 
Lines in Co^  57 3.66** 3.78** 96** .000074** 
Lines in Hi 27 4,74** 1.33** 1 15** .000057** 
Lines in Lo 27 2.85** 1.53** 86** .000029** 
Co vs. Hi and Lo 3 1.99** .40 93** .000464** 
Hi vs. Lo 3 1.68** 11.56** 51** .000541** 
Lines in AX144 78 3.98** 2.33** 1 07** .000053** 
Lines in Co^  38 2.68** 2.10** 94** .000037** 
Lines in Hi 18 4.07** 1.85** 88** .000036** 
Lines in Lo 18 2.65** 1.26** 62** .000056** 
Co vs. Hi and Lo 2 17.40** 3.27** 1 2 9** .000407** 
Hi vs. Lo 2 8.78** 19.87** 8 24** .000122** 
R X Lines in AX143- 195 .15 .31 .13 .000012 
AX144 
R X Lines in AX143 117 .16 .25 .14 .000014 
R X Lines in AX144 78 .13 .38 .12 .000010 
Coefficient of variation (%) 2.4 1.4 1 .8 .3 
S^D in this table and all tables hereafter will refer to seed 
density. 
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The relatively low magnitude of the coefficients of variation 
reflect the accuracy with which the characters were measured. These 
coefficients are in close agreement to those normally observed for these 
characters. Extremely low coefficients of variation were obtained for 
oil, protein, and seed density. The error mean squares were consistent 
among crosses for all characters indicating uniformity of character 
evaluation between crosses. 
Individual line effects of AX143-AX144 combined, in AX143, and in 
AX144 were different at the 1% level of probability for all characters 
except yield in AX143. Variability remained for all characters in the 
selected populations as indicated by the differences (P < 1%) expressed 
between lines in these populations. The relative magnitude of the mean 
squares for lines in the selected populations tended to be lower than 
mean squares for lines in control. The significance of this trend 
should be treated with caution since more lines were contributing to the 
control mean squares. 
The control versus high and low specific gravity comparison was 
expected to be nonsignificant if selection had no effect on the character 
or if selection was equally effective in either direction from the 
control mean. Significance for this comparison, however, would indicate 
that selection was more effective in one direction than the other. The 
data indicated that differences (P < 5%) were observed for this compari­
son for most characters. 
Significant differences would be observed for the high versus low 
specific gravity comparison if selection caused either a uni- or bidirec­
tional shift of means. A nonsignificant difference would be expected 
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if selection caused a unidirectional shift and the mean performance of 
the selected populations were equal. This comparison exceeded that 1% 
level of probability for all characters in AX144 and for all characters 
except yield and height in AX143. 
The mean squares (Table 5) for these two comparisons were averaged 
across maturity groups within a cross. A relative large or small mean 
square for any specific gravity group would bias these values. Mean 
squares for these comparisons for each cross-maturity are presented in 
Table 6. Mean agronomic and chemical performance for characters evaluated 
in all populations in environment 1 are presented in Table 7. 
With the exception of AX143 late, differences at the 5% level of 
probability were observed in both comparisons for date of maturity. In 
general, the selected populations matured earlier than their respective 
control populations (Table 7). The low populations matured earlier than 
high in all maturity groups expressing differences. In AX144, the low 
populations were shorter than the high populations, while the mean height 
of the selected populations was less than the control in AX144 midseason. 
A significant (P < 1%) unidirectional response was observed for seed 
size in AX143 early and AX144 midseason and late maturity groups. A 
marked increase in seed size in the selected populations was observed for 
the latter two groups while the former expressed decreased seed size. 
The selected populations expressed a bidirectional response in AX143 
midseason and late with the high population exhibiting the greatest devia­
tion from the control population. 
Density of the non-oil portion of the soybean seed is approximately 
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1.3 to 1.4 grams per cubic centimeter while the oil portion is about .9 
grams per cubic centimeter. The specific gravity of a substance is the 
relative density of that substance to the density of water. It was 
hypothesized, therefore, that seeds selected in a high specific gravity 
solution (1.245) would select seed high in protein and a low specific 
gravity solution (1.220) would select seed high in oil. These seeds 
would produce plants bearing seeds having a similar chemical composition 
to that of the parent seed. Due to the negative association between 
protein and oil, seed selected having high protein would be lower than 
average for oil. Similarly, seed selected having a high oil content 
would be below average in protein. 
A difference at the 1% level of probability (Table 6) between the 
mean protein content of the selected and control populations was observed 
only in AX144 midseason. Selection was most effective for increasing 
protein in this maturity group. The high versus low comparison exceeded 
the 17o level of probability in all maturity groups. The mean protein 
content of the high populations exceeded the control means which were 
greater than the mean performance for the low populations. Selection 
was effective for altering the protein content, as hypothesized, with 
the greatest response obtained for increased protein. 
For oil, the mean of the selected populations exceeded (P < 5%) 
the mean of the controls in AX143 midseason and AX144 midseason and late 
groups. The mean oil content for the low populations exceeded the 
controls, while the control populations either equalled or exceeded the 
oil performance in the high populations (Table 7). The high versus low 
comparison for oil exceeded the 1% level of probability in all maturity 
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Table 6. Mean squares for specific gravity comparisons for characters 
in cross-maturity groups for environment 1, 1963 
Character 
and 
comparison 
AX143 AX143 
Early Midseason 
Cross-maturity groups 
AX143 AX144 AX144 
Late Midseason Late 
Yield 
Co vs. Hi 
and Lo 
Hi vs. Lo 
19.19* 
.45 
5.77 
3.18 
2 .28  
3.74 
.01 
17.42** 
.43 
.12 
Maturity 
Co vs. Hi 
and Lo 
Hi vs. Lo 
49.61** 5.51* 
15.62** 10.00** 
.20 6.05* 110.45** 
3.60 202.50** 36.10* 
Lodging 
Co vs. Hi 
and Lo 
Hi vs. Lo 
,01 .15 
,03 1.37** 
,14 
,10 
.01  
.46** 
.01 
.03 
Height 
Co vs. Hi 
and Lo 
Hi vs. Lo 
6.05* 
11.02** 
10.51 
.90 
. 6 1  
3.02 
40.61** 
55.22** 
1.51 
70.22** 
Seed size 
Co vs. Hi 
and Lo 
Hi vs. Lo 
5.05** 
. 2 0  
.70 
4.29** 
. 2 2  
.55 
10.37** 
17.56** 
24.42** 
.00  
Protein 
Co vs. Hi 
and Lo 
Hi vs. Lo 
. 21  .54 
2.45** 7.74** 
.46 4.80** 1.74 
24.49** 24.49** 15.25** 
Oil 
Co vs. Hi 
and Lo 
Hi vs. Lo 
.80* 
8.19** 
1.98** 
4.16** 
.00 .84* 1.74** 
2.97** 14.88** 1.60** 
Seed density 
Co vs, Hi 
and Lo 
Hi vs. Lo 
,000702** 
,001020** 
,000572** 
000212** 
,000118** .000536** .0002 78** 
,000391** .000185** .000058** 
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Table 7. Mean agronomie and chemical performance for all characters 
and populations of Fg soybean lines from two crosses for 
environment 1, 1963 
Population^  Yield 
Matu­
rity 
Lodg­
ing Height 
Seed 
size Protein Oil SD 
AX143 E Co 19.02 8 1.6 35 17.0 41.6 20.5 1.273 
M Co 20.46 14 1.5 38 16.1 41.5 19.6 1.282 
L Co 19.98 20 1.6 39 16.6 41.7 19.7 1.284 
Mean 19.82 14 1.6 37 16.6 41.6 19.9 1.280 
AX143 E Hi 18.12 7 1.6 35 16.6 41.9 19.8 1.284 
M Hi 20.22 13 1.4 37 15.6 41.8 19.6 1.289 
L Hi 19.38 20 1.6 39 16.9 42.6 19.4 1.290 
Mean 19.24 13 1.5 37 16.0 42.1 19.6 1.288 
AX143 E Lo 17.88 6 1.6 34 16.4 41.4 20.7 1.274 
M Lo 19.62 12 1.8 37 16.3 40.9 20.3 1.285 
L Lo 19.98 20 1.5 40 16.6 41.1 19.9 1.284 
Mean 19.16 13 1.6 37 16.4 41.1 20.3 1.281 
AX144 M Co 20.64 14 1.4 38 15.3 39.1 21.4 1.285 
L Co 21.00 18 1.5 40 15.9 39.7 21.0 1.284 
Mean 20.82 16 1.4 39 15.6 39.4 21.2 1.284 
AX144 M Hi 21.36 16 1.5 38 16.7 40.4 21.0 1.282 
L Hi 21.12 21 1.5 42 17.0 40.7 21.1 1.281 
Mean 21.24 18 1.5 40 16.8 40.6 21.0 1.282 
AX144 M Lo 20.04 12 1.3 36 15.4 38.8 22.3 1.278 
L Lo 21.18 19 1.5 39 17.0 39.4 21.5 1.279 
Mean 20.61 16 1.4 38 16.2 39.1 21.9 1.278 
AX143-
AXI44 Co 20.22 15 1.5 38 16.2 40.7 20.4 1.282 
Hi 20.04 15 1.5 38 16.6 41.5 20.2 1.285 
Lo 19.74 14 1.5 37 16.3 40.3 20.9 1.280 
Overall mean 20.00 15 1.5 38 16.4 40.8 20.5 1.282 
M^ean of 20 lines for Co and 10 lines for each Hi and Lo. 
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groups (Table 6). The difference in mean oil performance between the 
selected populations ranged from 1.3 percent in AX144 midseason to .4 
percent in AX144 late (Table 7). 
The effects of mass selection on seed density were markedly different 
in the two crosses. While the high versus low comparison indicated 
differences (P .< 1%) between these two populations they invariably were 
either greater than or less than the control. The deviation of the 
selected populations from the control populations were consistent within 
but opposite between crosses. This relationship was not expected since 
selection for high specific gravity, if effective, would select for seed 
high in protein and consequently seeds with a greater density than the 
mean of the control population. If, however, the relative magnitude of 
the associations of seed density with protein and with oil were the same, 
then greater progress for high protein and low oil in one cross and for 
low protein and high oil in the other could give this result. Seed 
density was measured as mass per unit volume. Any change in the tempera­
ture of the seed or humidity in the atmosphere would influence the seed 
volume. If variation in these factors persisted in the laboratory, then 
it is conceivable that discrepancies in seed density measurements may 
arise. It is possible that mass selection was indirectly effecting seed 
density through some character not measured, however, the effects of 
directed selection were evident since high populations were consistently 
higher in seed density than were the low populations. 
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Environment 2 and 3 Analyses 
Whole-plot analyses 
Analyses of variance for all characters evaluated in environments 
2, 3, and combined 2 and 3 are presented in Tables 8, 9, and 10, respective­
ly. The poor character expression observed in environment 2 due to late 
planting and moisture stress was reflected in the whole-plot analyses 
for this environment (Table 8). Maturity groups differed (P < 1%) for 
maturity date, protein and oil percentage, and seed density. Similar 
differences were observed for these characters among maturity groups in 
AX 143 while the two maturity groups in ÂX144 differed only in maturity 
date. The mean cross performance differed at the 5% level of probability 
for maturity, seed size, protein, oil, and seed density. 
In environment 3, however, near optimum conditions prevailed and 
differences (P < 57») were observed for all characters except early 
lodging (Table 9). Maturity groups in AX143 exceeded the 1% level of 
probability for maturity, lodging, height, oil, and seed density, while 
differences at the 5% level of probability were observed for yield and 
protein. Differences (P < 5%) between the midseason and late maturity 
groups in AX144 were observed for only maturity, height, and seed density. 
The crosses, however, differed at the 5% level of probability for all 
characters except early lodging. 
In the combined analyses (Table 10), variability (P < 1%) was 
observed between environments for yield, lodging, height, protein, oil, 
early lodging, and seed density. The lack of significance for the inter­
action of environment by maturity groups, among maturity groups within a 
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Table 8. Analyses of variance for characters in F^ -Fg soybean lines from two crosses for 
Source of variation d.f. Yield Maturity Lodging Height 
Replications (R) 1 25.20 3.22 .031 158.11 
Maturity Groups (MG) 4 12.94 2796.96** .213 350.54 
MG in AX143 2 14.60 4416.88** .224 668.86 
MG in AX144 1 12.61 1219.51** .110 30.81 
AXU3 vs. AX144 1 9.94 1134.56** .316 33.65 
R X MG 4 32.72 27.18 .140 152.93 
Lines in AX143-AX144 295 3.38** 25.42** .036** ' 15.26** 
Lines in AX143 177 3.32** 21.34** .038** 11.84** 
Lines in Co 57 2.70** 14.50** .050** 8.09** 
Lines in Co CI 27 2.76** 14.54** .046** 7.33** 
Lines in Co C2 27 2.63** 10.44** .056** 9.12** 
CI vs. C2 3 2.67 50.82** .038 5.62 
Lines in Hi 57 2.52** 25.16** .038** 10.42** 
Lines in Hi CI 27 1.54 18.09** .019 10.16** 
Lines in Hi C2 27 3.46** 8.49** .056** 9.43** 
CI vs. C2 3 2.90 238.82** . 054* 21.60** 
Lines in Lo 57 2.44** 22.89** .019 14.78** 
Lines in Lo Cl 27 2.07* 15.39** .017 12.73** 
Lines in Lo C2 27 2.44* 3.85* .018 13.64** 
Cl vs. C2 3 5.80** 261.75** .050* 43.57** 
Co vs. Hi and Lo 3 47.14** 13.59** .161** 19.08** 
Hi vs. Lo 3 3.24 56.72** .048* 47.30** 
Lines in AX144 118 3.46** 18.84** .033** 20.37** 
Lines in Co 38 3.41** 18.34** .013 17.56** 
Lines in Co Cl 18 3.75* 11.60** .016 19.90** 
Lines in Co C2 18 3.35* 16.98** .011 15.52** 
Cl vs. C2 2 .89 91.23** .009 14.80* 
Lines in Hi 38 2.23 11.44** . 04 Off* 19.94** 
Lines in Hi Cl 18 2.25 13.60** .013 20.68** 
Lines in Hi C2 18 2.27 8.61** .061** 21.06** 
Cl vs. C2 2 1.69 17.42** . 084* 3.31 
Lines in Lo 38 3.56** 18.58** .041** 21.10** 
Lines in Lo Cl 18 4.44** 20.94** .036** 8.69** 
Lines in Lo C2 18 2.44 7.06** .047** 26.86** 
Cl vs. C2 2 5.75 100.96** .028 80.86** 
Co vs. Hi and Lo 2 28.30** 19.93** .178** 37.37** 
Hi vs. Lo 2 .95 172.98** .021 51.16** 
R X Lines in AX143-AX144 295 1.61 2.11 .016 4.14 
R X Lines in AX143 177 1.35 1.89 .015 4.08 
R X Lines in AX144 118 2.01 2.45 .018 4.23 
Coefficient of variation (%) 8.8 5.6 10.8 6.6 
E^L in this table and all tables hereafter refers to early lodging. 
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3 crosses for environment 2, 1965 
Mean squares 
Height Seed size Protein Oil EL^  . SD 
158.11 2.54 20.28 2.03 07 .000000 
350.54 22.37 108.13** 107.43** 1 79 .005875** 
668.86 9.27 36.44* 34.98** 2 05 .011200** 
30.81 15.15 .92 .21 1 27 .000100 
33.65 55.78* 358.72** 359.55** 1 80 .001000* 
152.93 4.48 3.68 1.76 1 62 .000150 
'15.26** 2.93** 4.49** 1.71** 21^ Wf .000060** 
11.84** 2.88** 5.27** 2.10#* 21** .000067** 
8.09** 3.71** 2.89** 1.06** 24** .000051** 
7.33** 3.83** 2.65** 1.05** 18** .000040** 
9.12** 3.39** 3.22** . 94** 28** .000056** 
5.62 5.65** 2.06* 2.19** 34** .000103** 
10.42** 2.33** 3.78** 2.19** 22** .000064** 
10.16** 2.90** 2.65** 2.72** 21** .000060** 
9.43** 1.71** 4.30** 1.23** 24** .000055** 
21.60** 2.80** 9.36** 9.04** 09 .000175** 
14.78** 2.43** 2.39** 1.29** 15)Wf .000063** 
12.73** 1.89** 1.88** 1.02** 2&t* .000043** 
13.64** 2.86** 3.05** 1.59** 22** .000083** 
43.57** 3.49** 1.10 1.06 05 .000069** 
19.08** 2.75** 11.52** 4.13** 34 .000049* 
47.30** 6.22** 12 7.23** 33.53** 34 .000538** 
20.37** 3.00** 3.31** 1.12** 22** .000048** 
17.56** 2.52** 1.68** .69** 14 .000037** 
19.90** 2.65** 1.58** .71** 12 .000018 
15.52** 2.36** 1.74** .59** 18* .000048** 
14.80* 2.73** 1.91* 1.51** 08 .000110** 
19.94** 2.33** 2.02** .56** 23** .000026** 
20.68** 2.71** 1.77** .59** 13 .000038** 
21.06** 2.06** 2.04** .56** 33** .000018 
3.31 1.32** 3.96** .30 08 .000003 
21.10** 3.80** 1.68** .85** 21** .000039** 
8.69** 3.03** 1.46** .76** 14 .000040** 
26.86** 4.20** 1.89** . 95** 30** .000038** 
80.86** 7.10** 1.88* .89* 08 .000045* 
37.37** 5.66** 4.15** .40 1 68** .000155** 
51.16** 7.48** 89.23** 25.72** 08 .000759** 
4.14 .22 .78 .30 09 .000015 
4.08 .21 .89 .38 09 .000014 
4.23 .23 .63 .18 10 .000017 
6.6 3.0 2.1 2.7 17 6 .3 
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Table 9. Analyses of variance for characters in F^ -Fg soybean lines from two crosse 
Source of variation d.f. Yield Maturity Lodging 
Replications (R) 1 63.07 594.01 1.590 
Maturity Groups (MG) 4 216.69** 3755.06** .642* 3 
MG in AX143 2 83.60* 5886.40** 1.040** 2 
MG in AX144 1 1.03 1776.70* .500 3 
AX143 vs. AX144 1 698.55** 1470.72* .970* 3 
R X MG 4 5.39 102.03 .077 
Lines in AX143-AX144 295 5.99** 29.66** .090** 
Lines in AX143 177 6.09** 34.81** .059 
Lines in Co 57 3.02** 24.76** .090* 
Lines in Co CI 27 3.47** 31.42** . 082* 
Lines,iri Co C2 27 2.85* 10.14** .098** 
CI vs. C2 3 .59 96.38** .085* 
Lines in Hi 57 5.66** 37.02** .051 
Lines in Hi Cl 27 5.42** 25.95** .040 
Lines in Hi C2 27 3.09* 13.79** .060 
Cl vs. C2 3 30.93** 345.75** .070 , 
Lines in Lo 57 6.25** 41.34** .035 
Lines in Lo Cl 27 5.25** 23.27** .043 
Lines in Lo C2 27 3.32* 14.53** .028 
Cl vs. C2 3 41.67** 445.21** .029 
Co vs. Hi and Lo 3 25 . 05** 18.21* .136* 
Hi vs. Lo 3 50.58** 138.51** .009 
Lines in AX144 118 5.83** 21.94** .137** 
Lines in Co 38 4.60** 25.18** .094** 
Lines in Co Cl 18 3.86** 15.51** .127** 
Lines in Co C2 18 4.72** 16.40** . 064* 
Cl vs. C2 2 10.17** 191.25** .056 
Lines in Hi 38 4.52** 10.24** .059* 
Lines in Hi Cl 18 3.89** 9.83** . 054* 
Lines in Hi C2 18 5.62** 9.27** . 068* 
Cl vs. C2 2 .30 22.62** .022 
Lines in Lo 38 5.38** 25.59** .244** 
Lines in Lo Cl 18 6.62** 23.98** .091** 
Lines in Lo C2 . 18 4.73** 12.03** .319** 
Cl vs. C2 2 .06 162.16** .953** 
Co vs. Hi and Lo 2 3.09 14.44** .447* 
Hi vs. Lo 2 65.22** 120.68** .111* 
R X Lines in AX143-AX144 295 1.86 3.11 .030 
R X Lines in AX143 177 1.85 3.31 .024 
R X Lines in AX144 118 1.87 2.82 .039 
Coefficient of variation (%) 6.1 7.0 11.4 
from two crosses for environment 3, 1965 
Mean squares 
Lodging Height Seed size Protein Oil EL SD 
1.590 19.08 4.05 13.17 .00 3.38 .000058 
.642* 324.82** 30.16* 88.77** 94.84** .16 .006821** 
1.040** 297.72** 22.18 18.65* 16.67** .24 .00223 0** 
.500 395.26** 9.52 4.82 .14 .17 .014214** 
.970* 308.60** 66.75* 312.93** 345.89** .04 .008609** 
.077 7.85 4.76 2.48 .24 .57 .000085 
.090** 12.30** 3.35** 3.70** 1.89** . 34** .000068** 
.059 11.10** 3.47** 4.26** 2.20** .30** .000083** 
.090* 7.96** 4.04** 2.32** 1.19** .30** .000050** 
. 082* 8.76** 4.26** 2.91** 1.40** ,29** .000066** 
.098** 7.56** 3.99** 2.22** . 95** .31** .000033** 
.085* 4.42* 2.39** 1.76** 1.35** .28* .000058** 
.051 12.71** 3.30** 3.44** 1.58** .25** .000085** 
.040 12.05** 4.00** 2.10** 1.20** .23** .000069** 
.060 12.87** 2.41** 4.64** 1.14** .25** .000047** 
.070 . 17.22** 4.93** 4.74** 8.98** .47** .000574** 
.035 11.12** 3.17** 2.32** 1.07** .35** .000034** 
.043 9.63** 2.78** 1.54** .86** ,39** .000026** 
.028 7.72** 3.44** 3.06** 1.27** .22** .000041** 
.029 55.09** 7.04** 4.11** 1.10** 1.18** .000031 
.136* 15.91** 1.23* 4.94** .70** .12 .000562** 
.009 35.14** 3.99** 88.84** 56.35** .28* .001132** 
.137** 14.10** 3.18** 2.86** 1.41** .41* .000046** 
.094** 9.84** 3.43** 2.36** . 95** .31** .000032** 
.127** 10.07** 3.27** 1.27** .49** .27* .000037** 
. 064* 7.57** 3.50** 3.54** . 96** .38** .000023** 
.056 28.12** 2.77** 1.50** 5.04** .11 .000064** 
.059* 12.06** 2.18** 1.90** .74** . 35** .000038** 
. 054* 9.64** 3.02** 1.90** 1.02** ,39** .000034** 
. 068* 14.81** 1.26** 1.99** .43** , 34** .000028** 
.022 9.16* 2.81** 1.07* .91** .02 .000161** 
.244** 19.39** 3.32** 1.77** .72** .56** ,000044** 
.091** 10.62** 2.01** 1.46** .70** .33** .000041** 
.319** 21.56** 4.78** 2.08** .65** .71** .000043** 
.953** 78.81** 1.90** 1.75** 1.55** 1.41** .000086** 
.447* 38.22** .04 5.17** 2.78** .56* .000019 
.111* 9.31* 17.72** 49.13** 34.86** .45* .000510** 
.030 2.14 .17 .29 .15 .12 .000013 
.024 1/82 .17 .30 .16 .10 .000014 
.039 2.62 .18 .27 .14 .14 .000013 
11.4 4.3 2.6 1.4 1.8 17.5 .3 
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Table 10. Analyses of variance for characters in F^ -Fg soybean lines from two crosses for coi 
Source of variation d.f. Yield Maturity Lodging Height 
Replications in 1 
Environments (R/Env) 2 44.14 298.62 .81 88.60 
Environments (Env) 1 19267.74** 229.69 13.72** 5071.73** 
Maturity Groups (MG) 4 152.44 6506.97** .35 544.51* 
MG in AX143 2 80.90* 10231.70** .62 901.18** 
MG in AX144 1 10.45 2970.08** .07 102.68 
AX143 X AX144 1 437.49 2594.39** .10 272.99 
Env X MG 4 77.19* 45.04 .50* 130.86 
Env X MG in AX143 17.30 71.58 .14 65.40 
Env X MG in AX144 1 3.21 26.13 .54 323.39 
Env X AX143 vs. AX144 1 270.96* 10.89 1.18* 69.26 
R/Env X MG 8 19.05 64.61 .11 80.38 
Lines in AX143-AX144 295 6.41** 45.62** .094** 21.21** 
Lines in AX143 177 6.58** 51.74** .073** 19.11** 
Lines in Co 57 3.89** 35.68** .114** 13.12** 
Lines in Go CI 27 4.26** 42.05** . 097** 13.02** 
Lines in Co C2 27 3.74** 17.62** .131** 14.05** 
CI vs. C2 3 1.78 140.97** .109** 5.72 
Lines in Hi 57 5.48** 57.64** .065** 20.19** 
Lines in Hi Cl 27 5.04** 39.74** .041* 18.88** 
Lines in Hi C2 27 3.69* 17.65** .086** 20.01** 
Cl vs. C2 3 25.61 578.51** .092* 33.51** 
Lines in Lo 57 6.35** 60.38** .040** 21.43** 
Lines in Lo Cl 27 5.00** 36.41** .045** 16.50** 
Lines in Lo C2 27 4.08** 7.69* .031* 18.00** 
Cl vs. C2 3 38.97** 693.21* .071* 96.61** 
Co vs. Hi and Lo 3 60.99 9.92 .151 13.79 
Hi vs. Lo 3 28.37 122.54 .028 73.89** 
Lines in AX144 118 6.29** 36.93** .125** 29.34** 
Lines in Co 38 6.19** 40.50** . 075** 23.35** 
Lines in Co Cl 18 6.42** 23.36** .031 24.08** 
Lines in Co C2 18 5.70** 31.77** . 050* 20.65** 
Cl vs. C2 2 8.47** 323.31* .053 40.96** 
Lines in Hi 38 4.70** 19.36** .077** 27.26** 
Lines in Hi Cl 18 4.92** 20.02** . 044* 26.60** 
Lines in Hi C2 18 4.94** 16.65** .108** 29.78** 
Cl vs. C2 2 .47 39.85** . 092* 10.56* 
Lines in Lo 38 5.95** 38.46** .203** 35.61** 
Lines in Lo Cl 18 8.52** 38.94** .097** 16.24** 
Lines in Lo C2 18 3.67 13.73** .260** 41.21** 
Cl vs. C2 2 3.29 256.62** .647 159.61** 
Co vs. Hi and Lo 2 12.53 20.91 .595** 49.88 
Hi vs. Lo 2 38.67 290.00** .035 43.25 
two crosses for combined environments 2 and 3, 1965 
Mean squares 
na Height Seed size Protein Oil EL SD 
1 88.60 3.30 18.30 1.02 1 72 .000028 
5071.73** 10.88 1631.01** 175.87** 34 85** .003928** 
5 544.51* 44.18** 196.56** 200.82** 92 .007696 
2 901.18** 15.06 51.18** 48.79** 69 .007322 
7 102.68 24.34* . 1 1  .34 71 .008492 
0 272.99 122.28** 683.14** 705.38** 1 61 .007650 
0* 130.86 8.34 3.32 1.44 1 03 .004984** 
4 65.40 16.40 3.94 2.85 1 58 .006108** 
4 323.39 .33 4.97 .01 73 .005822** 
8* 69.26 .25 .42 .06 23 .001958** 
1 80.38 4.62 5.54 1.00 1 09 .000117 
94** 21.21** 5.86** 7.34** 3.23** 41** .000098** 
73** 19.11** 5.94** 8.63** 3.87** 38** .000120** 
14** 13.12** 7.26** 4.73** 1.97** .43** .000080** 
gyvrff 13.02** 7.73** 4.70** 2.08** 37** .000086** 
31** 14.05** 6.98** 4.99** 1.70** 49** .000065** 
09** 5.72 5.64 2.67* 3.44** 5 Off* .000156** 
65** 20.19** 5.26** 6.51** 3.46** 35** .000123** 
41* 18.88** 6.61** 4.07** 3.34** 36** .000108** 
86** 20.01** 3.74** 8.21** 2.05** 34** ,000076** 
92* 33.51** 6.82 13.16** 17.25** 31 .000069 
40** 21.43** 5.28** 4.00** 2.01** 36** .000079** 
45** 16.50** 4.08** 2.74** 1.43** 44** .000058** 
31* 18.00** 6.05** 5.68** 2.67** 26 .000105** 
71* 96.61** 9.22 .30 1.25 64 .000030** 
51 13.79 3.53** 14.42 .97 23 .000160 
28 73.89** 8.30 205.11** 86.16* 30 .001577* 
25** 29.34** 5.74** 5.40** 2.27** 46** .000064** 
75** 23.35** 5.64** 3.59** 1.45** 30** .000048** 
31 24.08** 5.56** 2.55** .99** 26** .000035** 
50* 20.65** 5.59** 4.66** 1.40** 38** .000047* 
53 40.96** 6.78** 3.41** 6.02* 01 .000167** 
77** 27.26** 4.20** 3.26** 1.08** 43** .000035* 
44* 26.60** 5.43** 2.98** 1.36** 33** .000043* 
08** 29.78** 3.01** 3.40** .80** 57** .000021 
92* 10.56* 3.90** 4.52** 1.07** 10 .000091 
03** 35.61** 6.64** 2.86** 1.27** 57** .000055* 
97** 16.24** 4.71** 2.26** 1.22** 32VWf .000056* 
60** 41.21** 8.54** 3.46** 1.28** 75** .000048* 
47 159.61** 6.93 2.91** 1.81 1 06** .000108** 
95** 49.88 2.10 2.20 2.56 2 09** .000036 
35 43.25 23.95* 131.92* 58.94** 45* .001144 
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Table 10. (Continued) 
Me 
Source of variation d.f. Yield Maturity Lodgina Height 
Env Lines in AX143-AX144 295 2.90** 4.18** .048** 4.35** 
Env X Lines in AX143 177 2.83** 4.40** .024 3.84** 
Env X Lines in Co 57 1.83 3.58* .045** 2.93 
Env X Lines in Co Cl 27 1.97 3.79 .038 3.08 
Env X Lines in Co C2 27 1.74 2.96 .023 2.63 
Env X Cl vs. C2 3 1.48 6.22 .014 4.31 
Env X Lines in Hi 57 2.70** 4.55** .024 2.94 
Env X Lines in Hi Cl 27 1.92 4.30* .018 3.32 
Env X Lines in Hi C2 27 2.86** 4.63** . 030* 2.29 
Env X Cl vs. C2 3 8.23** 6.06 .032 5.31 
EnvxLines in Lo 57 2.34** 3.85* .015 4.47** 
Env X Lines in Lo Cl 27 2.32 2.25 .015 5.85** 
Env X Lines in Lo C2 27 1.67 4.36* .015 3.36 
Env X Cl vs. C2 3 .85 13.74** .008 2.04 
Env X Co vs. Hi and Lo 3 11.19** 21.88** .146** 21.20** 
Env X Hi vs. Lo 3 25.45** 10.29* .028 8.54 
Env X Lines in AX144 118 3.00** 3.85** .046** 5.13** 
Env X Lines in Co 38 1.82 3.02 .031 4.05 
Env X Lines in Co CI 18 1.18 3.76 .040 5.89* 
Env X Lines in Co C2 18 2.36 1.61 .024 2.44 
Env X CI vs. C2 2 2.59 9.16* .013 1.96 
Env X Lines in Hi 38 2.06 2.32 .021 4.74 
Env X Lines in Hi CI 18 1.22 3.64 .023 3.71 
Env X Lines in Hi G2 18 2.96 1.23 .021 6.09* 
Env X CI vs. C2 2 1.52 .20 .014 1.91 
Env X Lines in Lo 38 3.00* 5.72** .082** 4.88* 
Env X Lines in Lo CI 18 2.54 5.98** .031 3.08 
Env X Lines in Co C2 18 3.50* 5.36** .106** 7.21** 
Env X CI vs. G2 2 2.52 6.50 .334** .06 
Env X Co vs. Hi and Lo 2 18.86** 13.45** .030 25.66** 
Env X Hi vs. Lo 2 27.50** 3.66 . 098* 17.22** 
R/Env X Lines in AX143-AX144 590 1.73 2.61 .023 3.14 
R/Env X Lines in AX143 354 1.60 2.60 .019 2.95 
R/Env X Lines in AX144 236 1.94 2.64 .028 3.42 
Coefficient of variation (%) 7.2 6.2 10.8 5.5 
Mean squares 
Height Seed size Protein Oil EL SD 
4.35** .42** .85** .36** .14 .000030** 
3.84** .42** .90** .43** .13 .000030** 
2.93 .49** .68 .27 .10 .000021** 
3.08 .36** .86 .37 .10 .000020* 
2.63 .40** .45 .20 .09 .000024* 
4.31 2.40** 1.15 .10 .12 .000005 
2.94 .36** .72 .31 .12 .000026** 
3.32 .30 .68 .25 .08 .000021* 
2.29 .37* .72 .32 .15* .000027** 
5.31 .91* .93 .77 .26 .000062* 
4.47** .32** .71 .35 .14* .000018 
5.85** .28 .68 .45* .15* .000011 
3.36 .24 .43 .19 .08 .000020 
2.04 1.31** 3.54** .91* .62** .000070** 
21.20** .44 2.03** 3.85** .23 .000451** 
8.54 1.91** 10.96** 3.71** .32 .000094** 
5.13** .43** . 77** .27** .17 .000030** 
4.05 .31 .44 .19 .16 .000021* 
5.89* .36* .31 .20 .13 .000019 
2.44 .27 .63 .14 .18 .000024* 
1.96 .12 .02 .54* .18 .000007 
4.74 .30 .65 .22 .15 .000029** 
3.71 .30 .70 .26* .19 .000028** 
6.09* .31 .63 .19 .11 .000024* 
1.91 .23 .50 .14 .01 .000072** 
4.88* .48** .59 .30** .21 .000029** 
3.08 .33* .66 .24* .15 .000024* 
7.21** .45** .51 . 32** .25** .000033** 
.06 2.07** .72 . 73** .04 .000032 
25.66** 3.67** 7.10** .62* .16 .000139** 
17.22** 1.25** 6.43** 1.64** .08 .000126** 
3.14 .20 .54 .23 .11 .000014 
2.95 .19 .59 .27 .10 ,000014 
3.42 .21 .45 .16 .12 .000015 
5.5 2.9 1.8 2.3 17.4 . .3 , , 
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cross, and the cross comparison indicated that these sources of variability 
responded similarly in the two environments for yield, lodging, and seed 
density. Mean performance between maturity groups and between crosses 
differed at the 1% level of probability for maturity, seed size, protein, 
and oil. 
Mean agronomic and chemical performance for all characters for whole-
plots within environments 2 and 3 and combined over 2 and 3 are presented 
in Table 11. The mean character performances reflect the differences 
observed in the whole-plot analyses (Tables 8, 9, and 10). The environ­
mental differences were attributable to differences in date of planting, 
moisture, and soil type. 
Sub-plot analyses 
Coefficients of variation and sub-plot error mean squares were con­
sistent between environments 2 and 3 (Tables 8 and 9) and in close agree­
ment with those observed for environment 1 (Table 5). Error mean squares 
for height, seed size, protein, oil, and seed density in environment 2 
showed a tendency to be larger than in environment 3. The greatest dis-
crepencies were observed for height and protein. 
Individual line effects in AX143-AX144 combined exceeded the 1% 
level of probability for all characters in each environment. Significant 
variability (P< 1%) was observed among lines for each cross for all 
characters with the exception of lodging in environment 3. Individual 
line effects were different at the 1% level of probability for all sources 
of variation among environments and crosses for maturity, height, seed 
size, protein, and oil, and in AX143 for seed density. In environment 3 
Table 11. Mean agronomic and chemical performance for characters in Fy-Fg soybean lines in cross-
maturity groups for environments 2, 3, and combined, 1965 
Cross-maturity 
group Yield Maturity Lodging Height Seed size Protein Oil EL SD 
Environment 2 
AX143 E 14.06 19 1.2 28 15.5 42.7 20.3 1.6 1.264 
M 14.24 24 1.2 29 15.8 42.6 20.3 1.7 1.283 
L 14.74 31 1.3 33 16.1 43.6 19.4 1.9 1.272 
Mean 14.35 25 1.2 30 15.8 43.0 20.0 1.7 1.273 
AX144 M 14.84 26 1.2 31 14.9 41.4 21.6 1.7 1.271 
L 14.38 30 1.2 30 15.4 41.3 21.5 1.6 1.269 
Mean 14.61 28 1.2 30 15.2 41.4 21.6 1.6 1.270 
Overall mean 14.45 26 1.2 30 15.6 42.3 20.6 1.7 1.272 
Environment 3 
AX143' E 20.68 17 1.4 32 16.3 40.6 21.1 2.1 1.274 
M 21.74 24 1.4 34 15.5 40.2 20.8 2.0 1.274 
L 22.32 31 1.5 36 16.2 41.0 20.4 2.0 1.266 
Mean 21.58 24 1.4 34 16.0 40.6 20.8 2.0 1.271 
AX144 M 23.85 24 1.5 34 15.2 39.0 22.3 2.0 1.271 
L 23.72 30 1.6 37 15.5 39.0 22.3 2.0 1.256 
Mean 23.78 27 1.6 36 15.4 39.0 22.3 2.0 1.264 
Overall mean 22.46 25 1.5 34 15.8 40.0 21.4 2.0 1.268 
Environment 2,3 
AX143 E 17.37 18 1.3 30 15.9 41.6 20.7 1.8 1.269 
M 17.99 24 1.3 32 15.6 41.4 20.6 1.8 1.280 
L 18.53 31 1.4 34 16.2 42.3 19.9 2.0 1.269 
Mean 17.96 24 1.3 32 15.9 41.8 20.4 1.8 1.272 
AX 144 M 19.34 25 1.4 32 15.0 40.2 22.0 1.8 1.271 
L 19.05 30 1.4 34 15.4 40.2 21.9 1.8 1.262 
Mean 19.20 28 1.4 33 15.3 40.2 22.0 1.8 1.267 
Overall mean 18.46 26 1.4 32 15.7 41.2 21.0 1.8 1.270 
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individual line effects were significant (P <5%) for most sources of 
variability for yield, lodging, and early lodging. Environment 2 had 
less significant sources of variability for these characters suggesting 
that near optimum growing conditions are desirable for maximum character 
expression. 
The relative magnitude of the mean squares for lines in high or low 
tend to be greater than the mean squares for lines in control. The charac­
ters protein and oil, however, expressed the reverse relationship. These 
differences were consistent across environments and suggest that selection 
was effectively choosing lines high or low in protein and oil but less 
uniform in performance for the other characters. 
When observed across environments (Table 10) most sources of varia­
tion gave significant responses similar to that observed in either 
specific environment. The nonsignificant genotype by environment inter­
action for individual lines within a specific population indicated that 
the relative ranking of lines was similar between environments. Con­
siderable variability remains in most populations for seed size, protein, 
oil, and seed density suggesting that continued selection for chemical 
composition would be effective in certain populations. 
If selection had no influence on a character then the genetic 
variance between cycle 1 (F^  derived lines) and cycle 2 (Fg derived lines) 
would tend to increase due to the release of variability through continued 
inbreeding. Assuming a constant error mean square for all populations 
then mean squares for a specific cycle would reflect the change in genetic 
variance. The mean squares for lines in cycle 2 tended to be smaller than 
those observed for cycle 1 for yield, maturity, seed size, and oil 
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(Tables 8, 9, and 10). The reverse relationship was observed for protein 
and early lodging. 
The results observed from data collected in environment 1, 1963, 
indicated that selection was effective for stratifying the original pop­
ulation into populations differing in chemical composition. Therefore, 
to test the second objective in a precise manner the twenty lines 
representing the two cycles were randomized within each specific gravity 
within a cross-maturity group. Consequently, the specific gravity group 
effects were measured less precisely in environment 2 and 3 than in 
environment 1. Significant differences (P < 5%) were observed for the 
specific gravity comparisons for most characters in each environment 
(Tables 8 and 9). When observed across environments (Table 10) these 
comparisons were not significant for most characters. Significant (P < 5%) 
environment by comparison interaction mean squares, however, indicated a 
differential response for these comparisons between environments. In both 
crosses, the mean protein and oil percentages for the high population 
differed (P .< 5%) from the mean performance of the low population even 
in the presence of a significant environment by comparison interaction. 
The magnitude of the mean squares for the high versus low comparison 
tended to be larger than for the control versus high and low comparison 
(Tables 8 and 9). This difference was due to the variance between high 
and low population means being greater than that observed between the 
control mean and the mean of the selected populations. 
If continued selection was effective, a significant difference 
would be expected between the mean performances of cycle 1 and cycle 2. 
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The direction of the difference between cycle 1 and cycle 2 would be 
dependent upon the effects of mass selection on the attribute in question. 
When averaged over maturity groups within a cross the cycle 1 versus 
cycle 2 comparisons for most characters were significant (P .<5%) in both 
environments (Tables 8 and 9). The differences between cycles was greater 
in environment 3 than in environment 2 as indicated by the larger mean 
squares observed in environment 3. 
Single degree of freedom comparisons within cross-maturity groups 
Mean squares for specific gravity comparisons and for the cycle 1 
versus cycle 2 comparison for characters in all cross-maturity groups 
are presented in Tables 12 and 13, respectively. Mean agronomic and 
chemical performance for all characters and populations are presented in 
Tables 14, 15, and 16 for environments 2, 3, and combined 2 and 3, 
respectively. The control, high, and low population means for each 
maturity group in Tables 14, 15, and 16 are pertinent to the discussion 
on specific gravity group comparisons. 
The control versus high and low comparison was significant (P .< 5%) 
for most maturity groups for all characters (Table 12). Significance 
for this comparison, however, was not consistent between environments. 
The mean performance of the two selected populations differed at the 5% 
level of probability for most maturity groups in both environments for 
maturity, height, seed size, protein, oil, and seed density. These 
differences persisted when observed over the two environments. 
The mean maturity date of the selected populations in a maturity 
group was later than the control means in environment 2 (Table 14). 
Table 12. Mean squares for specific gravity comparisons for characters in cross-maturity groups for 
environments 2, 3, and combined, 1965 
Character and 
cros s-ma turity 
group 
Co vs. Hi and Lo Hi vs. Lo 
Environment Environment 
2 3 2,3 2 3 2,3 
Yield 
AX143 E 86.36** 10.23** 78.02** 6.92** 36.03** 37.27** 
M 25.47** .05 13.93* 2.71 27.20** 6.37 
L 29.58** 64.86** 91.03** .09 88.51** 41.46** 
AX144 M 49.94** .00 25.05** .04 46.01** 21.66** 
L 6.65* 6.19 .00 1.87 84.42** 55.70** 
Maturity 
AX143 E .60 .02 .21 101.25** 39.20** 133.25** 
M .15 44.20** 24.75* 68.45** 171.11** 228.01** 
L 40.02** 10.42* 4.80 .45 18.05** 6.40 
AX144 M 3.04 22.20** 4.41 277.51** 165.31** 435.60** 
L 36.82** 6.67 37.41** 68.45** 76.05** 144.40** 
Lodging 
AX143 E .48** .01 .30** .00 .02 .02 
M .00 .03 .02 .04* .00 .02 
L .00 . 38** .14* .10* .00 .04 
AX144 M .26** . 64** .86** .00 . 16** .07 
L .lOVrff .25* .33** . 04* .06 .00 
Table 12. (Continued) 
Character and 
cros s-maturity 
eroup 
Co vs. Hi and Lo 
Environment 
2.3 
Height 
AX143 E 
M 
L 
AX144 M 
L 
43.35** 
13.01 
. 82  
63.04 
11.70 
1.07 
12.15 
34.50 
.50 
75.94 
29.01** 
.00 
12.35* 
26.13* 
73.63** 
Seed size 
AX143 E 
M 
L 
AX144 M 
L 
.00  
7.60** 
. 6 0  
5.70** 
5.61** 
.17 
3.31** 
. 2 0  
.16 
.07 
.06 
10.47** 
.05 
1.98* 
2.23* 
Protein 
AX143 E 
M 
L 
AX144 M 
L 
21.72** 
12.56** 
.27 
5.31** 
2.99* 
3.80** 
5.46** 
5.55** 
8.97** 
1.36* 
21.84** 
17.29** 
4.12* 
.24 
4.20** 
Hi vs. Lo 
Environment 
2 3 2, 3 
20 36.45** 21. 02** 
110. 45** 36.45** 136. 9&ff* 
31. 25** 32.51** 63. 76** 
12. 01 17.11** 28. 9 Of' 
90. 31** 1.51 57. 60** 
3. 24** 2.05** 07 
10 .68* 66 
15. 31** 9.25** 24. 18** 
12. 32** 24.20** 35. 53** 
2. 63** 11.25** 12. 38** 
136. 76** 123.50** 260. 10** 
53. 96** 103.97** 153. 86** 
190. 96** 39.06** 201. 38** 
127. 26** 38.92** 153. 47** 
51. 20** 59.34** 110. 39** 
Table .12. (Continued) 
Character and 
cross-maturity 
group 
Co vs. Hi and Lo Hi vs. Lo 
Environment 
2,3 
Environment 
2,3 
Oil 
AX143 E 
M 
L 
AX144 M 
L 
6.97** 
3.55** 
1.85* 
.32 
.48 
.44 
1.63** 
. 01  
4.37** 
1.18** 
1.95* 
.18 
.78 
3.54** 
1.58* 
55.94** 
9.66** 
34.98** 
24.64** 
26.80** 
103.74** 
45.00** 
20.30** 
14.28** 
55.44** 
156.02** 
48.18** 
54.29** 
38.22** 
79.66** 
Early lodging 
AX143 E 
M 
L 
AX144 M 
L 
.70** 
.30 
.00  
.65** 
2.71** 
.01 
.05 
.30 
l.OO^ "'' 
.13 
.28 
.30 
.12 
3.50** 
.68 
.01  
.70* 
.31 
.08 
.08 
.53* 
.15 
.15 
.38* 
.53 
.35 
. 10  
.45* 
.40* 
.51 
Seed density 
AX143 E 
M 
L 
AX144 M 
L 
,000041 .000763** 
,000010 .000073* 
,000098** .000848** 
,00007 .000022 
,000240** ,000017 
.000225** 
.000068 
.000185** 
.000007 
.000064* 
,000690** 
,000378** 
,000546** 
.000174** 
,001344** 
,001248** 
,001702** 
,000446** 
,000684** 
,000336** 
,001898** 
,001843** 
.000990** 
,000774** 
.001513** 
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Table 13. Mean squares for the Cl vs. C2 comparison for characters in 
cross-maturity groups for environments 2, 3, and combined, 1965 
Character Cross-maturity group 
and g AX143 AX 143 AX143 AX144 AX144 
population Early Midseason Late Midseason Late 
Yield 
Co Env2 5.82 .93 1.26 .69 1.10,, 
Env3 .60 .05 1,12 3.91 16.42++ 
Env2,3 5.07 .27 .00 3.94 13.00 
Hi. Env2 3.79 
73.68++ 18.89++ 
20.54++ 
.66 1.32 2.06 
Env3 .23 .00 .60 
Env2,3 55.46 
11.25++ 
94.19++ 
85.26++ 
.83 .73 .22 
Lo Env2 
Env3 
6.14+ 
27.46++ 
29.78++ 
.00 
3.36 
3.74 
.11 
7.75 
.00 
Env2,3 1.86 2.57 4.00"" 
Maturity 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
105. 
230. 
324. 
518. 
783. 
1288. 
672. 
1071. 
1720. 
62 
40 
01 
40 
22 
01 
40 
22 
51 
++ 
,++ 
++ 
,++ 
++ 
++ 
++ 
46.22 
50.62 
96.80 
156.02 
164.02 
320.00 
112.22 
250.00 
348.61 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
.62  
8.10 
2 . 1 1 .  
42.02 
90.00 
127.51 
. 62  
14.40 
10.51 
++ 
++ 
++ 
70.22 
152.10 
214.51 
30.62 
38.02 
68.45 
136.90 
152.10 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
112.22 
230,40 
332.11 
4.22 
7.22 
11.25 
65.02 
172.22 
++ 
++ 
++ 
++ 
288.80'" 224.45 ++ 
Co Env2 .07 .04" .00 .02 .00 
Env3 .10 .06 .05 .06 
Env2,3 .14" .02, .06 .04 
Hi Env2 .00 .04 .12 + .00 .17 
Env3 .09+ .00 .01 .04 
Env2,3 .07 .07 .00 .18 
Lo Env2 .07 .03 .05 
.19 
Env3 .00 .02 .06 
Env2,3 .05 .05 .11 
Env2, Env3, and Env2,3 = Environment 2, 3, and combined 2,3, 
respectively. 
+,++C2 Significantly greater than CI at the 5% and 1% level of 
probability, respectively. 
-,--C2 significantly less than CI at the 5% and 1% level of proba­
bility, respectively. 
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Table 13. (Continued) 
Character 
and 
population 
ÂX143 
Early 
Cross-maturity group 
AX143 
Midseason 
AX 143 
Late 
AX144 
Midseason 
AX144 
Late 
Height 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
11.02 
6.40 
17.11 
.00 
24.02 
12.01 
122.50 
164.02 
285.01 
++ 
++ 
,++ 
++ 
++ 
4.22 1.60 10.00 19.60 
5.62 1.22 5.62 50.62' 
.05+ 
32.40% 
13.22++ 
43.51 + 
.01 15.31 66.61 
32.40 3.02 3.60 
14.40"" .10 18.22 
45.00"" 2.11++ 62.50++ 
55.22++ 
117.61 + 
19.01 
8.10 .10 99.22 
.02 1.22 102.40 
4.51 .31 201.61 
+ 
'++ 
++ 
++ 
++ 
+4-
Seed size 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
.40 
5.11 
4.19 
4.55" 
7.31 
11.70 
.96"' 
1.12 
.00 
.15 
1.52' 
1.32" 
.42 
2.50" 
.44 
.58 
. 26  
.03 
16.38 
.53 
11.40 
3.42' 
4.97' 
8.32/ 
8.93 
19.74 
27.61 
++ 
++ 
++ 
S'lH 3.25 6.16 9.18 
.96" 1.68 
3.72__ 1.89 
3.57 
10.10 
.09 
6.05 
++ 
++ 
++ 
+ 
++ 
++ 
Protein 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
.48 
3.02 
.54 
20.16 
9.40 
28.56 
2 . 6 0  
7.92 
.72 
++ 
,++ 
++ 
4. 
1. 
36 
22 
5.10 
7.22 
1 .26  
7.26 
.65 
.07 
.14 
+ 
,++ 
++ 
++ 
1.37 
1.02 
2.38 
.68 
3.54 
3.66' 
.05 
.22 
.03 
++ 
1 . 6 0 .  
1.02 
2.59 
4.83 
1 .72  
6.16 
.22  
2.97 
2.41 
+ 
2.25 
1.98 
4.23 
3.08 
.42 
2.89 
3.54 
.53 
3.40 
++ 
53 
Tab le 13. (Continued) 
Character 
and 
population 
AX143 
Early 
AX143 
Midseason 
Cross-maturity group 
AX143 
Late 
AX144 
Midseason 
AX144 
Late 
Oil 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
Early lodging 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
Seed density 
Co Env2 
Env3 
Env2,3 
Hi Env2 
Env3 
Env2,3 
Lo Env2 
Env3 
Env2,3 
6.01 
3.97" 
9.87' 
22.80" 
16.64" 
39.20" 
.00 
.31 
.05 
.05 
.05 
1.22 
.90" 
.01 
3.31 
1.51" 
.00 
.06 
.06 
.09 
5.40 
3.44' 
2.26"  
.93' 
3.04 
.62 
.40" 
1.01 
.00 
.02 
.01 
.06 
.31 
.31 
.55 
.02 
.38 
4.22 
4.90" 
9.11' 
.00 
1.56 
.72 
.10 
.40 
.45 
.22  
.16 
.00  
.10 
.02 
. 1 1  
.27 
1.80" 
1.74' 
.09 
.01 
.02 
1.33" 
.02 
.50 
.10 
.06 
.00 
.10 
.02 
.08 
.16 
.01 
.00 
2.75 
8.28' 
10.29' 
.51 
1.81' 
2.11' 
.44 
3.08 
2.93 
++ 
++ 
.06 
.16 
.00 
.06 
.02 
.11 
.00 
2.76 
2.11  
++ 
++ 
.000207*+ .000046 .000055 .000053 
.000068++ 
.000120 + 
.000168 
.000141++ 
.000344%; 
.000022 .000010 .;000060 
.000067 .000056 
.000286++ 
.000214 
.000216 .000022 .000005 .000001 
.000616++ 
.000004 .001102++ 
.001256++ 
.000137 
.000013 .000308 
.000781 + .000023 .000017 .000165 
.000006 
.000087 
.000062" .000006 .000084 
.000002 .000006 .000046 .000126 
.000023 .000022 .000044 .000009 .000208 
++ 
++ 
+ 
+ 
++ 
+ 
Table 14. Mean agronomie and chemical performance for all 
lines from two crosses for environment 2, 1965 
Population^ Yield Maturity Lodging Height 
Co CI 14.88 17 1.3 29 
Co C2 15.64 21 1.4 30 
Co X 15.26 19 1.4 29 
Hi CI 13.44 17 1.2 28 
Hi C2 14.06 24 1.2 28 
Hi X 13.75 20 1.2 28 
Lo CI 12.63 14 1.2 26 
Lo C2 13.70 22 1.3 30 
Lo X 13.16 18 1.2 28 
Co CI 14.74 23 1.3 30 
Co C2 15.04 26 1.2 29 
Co X 14.89 24 1.2 30 
Hi CI 13.40 24 1.2 27 
Hi C2 14.06 28 1.2 29 
Hi X 13.73 26 1.2 28 
Lo CI 13.71 22 1.2 30 
Lo C2 14.49 25 1.3 31 
Lo X 14.10 24 1.2 30 
^Mean of 10 lines. 
characters and populations of F^-Fg soybean 
Seed size Protein Oil EL SD 
15.6 42.0 21.0 1.6 1.262 
15.4 42.2 20.3 1.8 1.267 
15.5 42.1 20.7 1.7 1.265 
15.7 43.6 20.1 1.6 1.264 
15.0 45.1 18.6 1.5 1.269 
15.3 44.4 19.3 1.6 1.266 
15.6 41.5 21.1 1.6 1.261 
15.9 42.0 20.8 1.6 1.260 
15.7 41.7 21.0 1.6 1.260 
16.2 42.7 20.0 1.9 1.282 
16.1 43.4 20.0 1.6 1.284 
16.2 43.0 20.0 1.8 1.283 
15.7 42.7 20.1 1.6 1.285 
15.5 43.6 20.0 1.6 1.286 
15.6 43.2 20.0 1.6 1.285 
15.6 41.4 21.0 1.8 1.282 
15.8 41.7 20.5 1.7 1.280 
15.7 41.5 20.7 1.8 1.281 
Table 14. (Continued) 
Population Yield Maturity Lodging 
AX143 L Co CI 15.61 30 1.3 
Co 02 15.26 30 1.3 
Co X 15.43 30 1.3 
Hi CI 14.29 31 1.3 
Hi C2 14.54 33 1.4 
Hi X 14.42 32 1.4 
Lo CI 14.36 31 1.2 
Lo C2 14.33 32 1.3 
Lo X 14.35 32 1.3 
AX144 M Co CI 13.79 24 1.2 
Co C2 14.05 27 1.2 
Co X 13.92 25 1.2 
Hi CI 15.45 27 1.3 
Hi C2 15.09 28 1.3 
Hi X 15.27 28 1.3 
Lo CI 15.62 22 1.2 
, Lo C2 15.01 26 1.3 
Lo X 15.32 24 1.3 
Height Seed size Protein Oil EL SD 
33 16.8 43.8 19.1 1.8 1.272 
33 15.6 43.5 19.3 1.9 1.274 
33 16.2 43.7 19.2 1.9 1.273 
33 15.9 45.0 19.1 1.9 
I 
1.271 
31 15.3 45.2 18.5 2.0 1.276 
32 15.6 45.1 18.8 2.0 1.273 
34 16.0 42.0 20.1 1.8 1.266 
34 17.0 42.1 20.1 1.9 1.270 
34 16.5 42.0 20.1 1.8 1.268 
30 14.4 41.0 21.6 1.5 1.269 
30 14.9 41.4 21.4 1.4 1.271 
30 14.6 41.2 21.5 1.5 1.270 
32 15.6 43.2 21.1 1.9 1.273 
32 15.3 42.5 21.0 1.8 1.273 
32 15.5 42.9 21.1 1.8 1.273 
30 14.4 40.4 22.4 1.8 1.270 
32 15.0 40.3 22.0 1.8 1.270 
31 14.7 40.3 22.2 1.8 1.270 
Table 14. (Continued) 
Population I Yield Maturity Lodging Height Seed size Protein Oil EL SD 
Co CI 13.88 28 1.2 30 14.8 41.3 21.7 1.4 1.269 
Co C2 14.21 31 1.2 32 15.4 41.8 21.2 1.5 1.274 
Co X 14.04 29 1.2 31 15.1 41.6 21.4 1.4 1.271 
Hi CI 14.47 31 1.2 32 15.6 42.3 21.1 1.5 1.272 
Hi C2 14.92 32 1.3 31 16.0 41.7 20.9 1.6 1.273 
Hi X 14.70 31 1.2 31 15.8 42.0 21.0 1.6 1.273 
Lo CI 14.83 28 1.2 28 15.9 40.7 22.0 1.6 1.263 
Lo C2 13.95 31 1.2 31 14.9 40.1 22.3 1.7 1.266 
Lo X 14.39 30 1.2 29 15.4 40.4 22.2 1.6 1.264 
AX 144 L 
Table 15. Mean agronomie and chemical performance for all characters and populations of F -Fg 
soybean lines from two crosses for environment 3, 1965 
Population^ Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX143 E Co CI 20.97 14 1.3 32 16.7 40.7 21.3 2.1 1.268 
Co C2 21.21 19 1.4 33 16.0 40.1 2 0.7 2.0 1.272 
Co X 21.09 17 1.4 32 16.4 40.4 21.0 2.1 1.270 
Hi CI 19.79 13 1.3 31 16.9 41.5 20.6 2.2 1.278 
Hi C2 22.50 22 1.4 32 16.0 42.5 19.4 1.8 1.283 
Hi X 21.14 18 1.3 32 16.4 42.0 20.0 2.0 1.279 
Lo CI 18.27 11 1.4 31 16.3 40.0 22.1 2.5 1.270 
Lo C2 21.34 21 1.4 35 15.9 39.1 22.4 1.9 1.273 
Lo X 19.80 16 1.4 33 16.1 39.5 22.3 2.2 1.272 
AX143 M Co CI 21.81 22 1.5 33 16.0 40.3 21.0 2.2 1.272 
Co C2 21.74 24 1.4 34 15.6 40.7 21.0 2.0 1.273 
Co X 21.77 23 1.4 34 15.8 40.5 21,0 2.0 1.273 
Hi CI 21.62 24 1.4 33 15.1 41.0 20.4 2.0 1,279 
Hi C2 23.00 28 1.5 34 15.5 41.4 19.6 2.1 1.279 
Hi X 22.31 26 1.4 34 15.3 41.2 20.0 2.0 1.279 
Lo CI 20.32 21 1.4 35 15.6 39.0 21.6 2.0 1.269 
Lo C2 21.97 26 1.4 35 15.4 37.9 21.4 1.9 1.270 
Lo X 21.14 23 1.4 35 15.5 38.9 21.5 2.0 1.270 
^Mean of 10 lines. 
Table 15. (Continued) 
Population Yield Maturity Lodging 
Co CI 23.20 31 1.5 
Co C2 23.53 32 1.6 
Co X 23.36 31 1.6 
Hi CI 20.68 29 1.4 
Hi C2 20.83 32 1.5 
Hi X 20.75 30 1.5 
Lo CI 23.15 30 1.4 
Lo C2 22.57 32 1.5 
Lo X 22.86 31 1.5 
Co CI 23.54 23 1.3 
Co C2 24.16 27 1.4 
Co X 23.85 25 1.4 
Hi CI 24.62 24 1.6 
Hi C2 24.60 27 1.5 
Hi X 24.61 26 1.6 
Lo CI 23.14 21 1.4 
Lo C2 23.04 25 1.5 
Lo X 23.09 23 1.5 
Height Seed size Protein Oil EL SD 
36 16.3 41.4 20.4 2.0 1.262 
36 16.1 41.1 20.4 2.2 1.263 
36 16.2 41.3 20.4 2.1 1.262 
35 16.3 41.2 20.2 2.1 1.265 
34 15.6 41.8 19.5 2.0 1.276 
34 16.0 41.5 . 19.8 2.0 1.270 
36 15.9 40.2 21.0 1.9 1.266 
36 17.3 40.1 20.7 2.0 1.265 
36 16.6 40.1 20.9 2.0 1.266 
34 15.0 39.2 22.3 1.8 1.270 
35 15.4 39.5 21.8 1.9 1.273 
34 15.2 39.4 22.1 1.9 1.272 
34 16.0 39.7 22.0 2.2 1.274 
35 15.4 39.3 22.1 2.1 1.273 
34 15.7 39.5 22.0 2.2 1.274 
32 14.3 38.4 22.9 2.0 1.267 
35 14.9 37.8 22.9 2.0 1.269 
34 14.6 38.1 22.9 2.0 1.268 
Table 15. (Continued) 
Population Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX144 L Co CI 23.40 27 1.4 37 15.2 39.2 22.6 2.0 1.254 
Co 02 24.68 32 1.5 39 16.0 39.6 21.7 1.9 1.256 
Co X 24.04 30 1.5 38 15.6 39.4 22.2 2.0 1.255 
Hi CI 24.71 30 1.5 37 15.7 40.1 21.7 1.9 1.255 
Hi C2 24.46 31 1.6 36 16.1 39.9 21.3 2.0 1.261 
Hi X 24.59 31 1.6 36 15.9 40.0 21.5 2.0 1.258 
Lo CI 22.54 27 1.4 34 15.2 38.4 22.9 1.8 1.252 
Lo 02 22.52 31 1.8 38 15.1 38.2 23.5 2.4 1.256 
Lo X 22.53 29 1.6 36 15.2 38.3 23.2 2.1 1.254 
Table 16. Mean agronomie and chemical performance for all characters and populations of F^-Fg 
soybean lines from two crosses for environments 2 and 3 combined, 1965 
Population^ Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX143 E Co CI 17,92 16 1.3 30 16.2 41.4 21.2 1.9 1.265 
CI C2 18.43 20 1.4 31 15.7 41.2 20.5 1.9 1.269 
Co X 18.18 18 1.4 31 15.9 41.3 20.8 1.9 1.267 
Hi CI 16.62 15 1.2 29 16.3 42.6 20.4 1.9 1.270 
Hi C2 18.28 23 1.3 30 15.5 43.8 19.0 1.7 1.276 
Hi X 17.45 19 1.3 30 15.9 43.2 19.7 1.8 1.273 
Lo CI 15.45 12 1.3 29 15.9 40.7 21.6 2.0 1.265 
Lo C2 17.52 22 1.3 32 15.9 40.5 21.6 1.8 1.266 
Lo X 16.48 17 1.3 30 15.9 40.6 21.6 1.9 1.266 
Co CI 18.28 23 1.4 32 16.1 41.5 20.5 2.0 1.277 
Co C2 18.39 25 1.3 32 15.8 42.0 20.5 1.8 1.278 
Co X 18.33 24 1.3 32 16.0 41.8 20.5 1.9 1.278 
Hi CI 17.51 24 1.3 30 15.4 41.9 20.2 1.8 1.282 
Hi C2 18.53 28 1.4 31 15.5 42.5 19.8 1.8 1.283 
Hi X 18.02 26 1.3 31 15.5 42.2 20.0 1.8 1.282 
Lo CI 17.01 21 1.3 32 15.6 40.2 21.3 1.9 1.276 
Lo C2 18.23 26 1.4 33 15.6 40.3 20.9 1.8 1.275 
Lo X 17.62 23 1.3 33 15.6 40.2 21.1 1.9 1.275 
^Mean of 10 lines. 
Table 16. (Continued) 
Population Yield Maturity Lodging 
AX143 L Co CI 19.40 31 1.4 
Co C2 19.40 31 1.4 
Co X 19.40 31 1.4 
Hi CI 17.48 30 1.4 
Hi C2 17.69 32 1.4 
Hi X 17,58 31 1.4 
Lo CI 18.76 31 1.3 
Lo C2 18.45 32 1.4 
Lo X 18.60 31 1.4 
AX144 M Co CI 18.66 24 1.2 
Co 02 19.11 27 1.3 
Co X 18.89 25 1.3 
Hi CI 20.04 26 1.4 
Hi 02 19.84 27 1.4 
Hi X 19.94 26 1.4 
Lo CI 19.38 21 1.3 
Lo C2 19.02 25 1.4 
Lo X 19.20 23 1.4 
Height Seed size Protein Oil EL SD 
34 16.6 42.6 19.7 1.9 1.267 
34 15.8 42.3 19.8 2.1 1.268 
34 16.2 42.5 19.8 2.0 1.267 
34 16.1 43.1 19.7 2.0 1.268 
33 15.4 43.5 19.0 2.0 1.276 
33 15.8 43.3 19.3 2.0 1.272 
35 16.0 41.1 20.6 1.8 1.266 
35 17.1 41.1 20.4 1.9 1.268 
35 16.6 41.1 20.5 1.9 1.267 
32 14.7 40.1 21.9 1.7 1.270 
33 15.2 40.4 21.6 1.7 1.272 
32 14.9 40.3 21.8 1.7 1.271 
33 15.8 41.4 21.6 2.0 1.274 
33 15.4 40.9 21.6 2.0 1.273 
33 15.6 41.2 21.6 2.0 1.273 
31 14.3 39.4 22.6 1.9 1.269 
34 15.0 39.0 22.5 1.9 1.269 
32 14.6 39.2 22.5 1.9 1:269 
Table 16. (Continued) 
Population Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX144 L Co CI 18.64 27 1.3 33 15.0 40.2 22.2 1.7 1.262 
Co C2 19.44 31 1.4 35 15.7 40.7 21.4 1.7 1.265 
Co X 19.04 29 1.3 34 15.4 40.5 21.8 1.7 1.263 
Hi CI 19.59 31 1.4 34 15.6 41.2 21.4 1.7 1.264 
Hi C2 19.69 32 1.4 33 16.0 40.8 21.1 1.8 1.267 
Hi X 19.64 31 1.4 34 15.8 41.0 21.3 1.8 1.265 
Lo CI 18.68 28 1.3 31 15.6 39.6 22.5 1.7 1.258 
Lo C2 18.24 31 1.5 34 15.0 39.2 22.9 2.0 1.261 
Lo X 18.46 29 1.4 32 15.3 39.4 22.7 1.9 1.259 
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This was in contrast to results observed in environment 1. This dis­
crepancy in the date of maturity could be due to the late planting, biased 
maturity scores, or both for environment 2. Moist, cool conditions pre­
vailed when most lines were maturing which delayed the date of maturity. 
Standard check varieties were used for maturity comparisons, however, 
these varieties would also be subjected to the environmental influences. 
The low specific gravity populations matured earlier and the high specific 
gravity populations matured later, on the average, than the control popu­
lations (Tables 14, 15, and 16). 
Yield performance was not outstanding for any specific population. 
There was a noticeable trend, however, for the yield in AX143 control 
populations to exceed that of the selected populations. In AX144, the 
reverse relationship persisted with the selected populations exceeding 
the control. The yields within a maturity group were closely associated 
with seed size. As seed size increased or decreased among the three 
specific gravity populations yield increased or decreased, respectively. 
The selected populations were equally susceptible to lodging, but 
different when compared to the control population (Table 12). In AX143, 
lines in the control population lodged more on the average than did lines 
in the selected populations (Tables 14, 15, and 16). In AX144, however, 
the reverse relationship was observed. Similar trends were observed for 
early lodging. 
With one exception, the control versus high and low comparison for 
protein was significant at the 5% level of probability for all maturity 
groups (Table 12). For protein in AX144 midseason and oil in AX143 
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midseason the mean of the selected populations was different (P < 1%) 
than the control in both environments, while no difference was observed 
when evaluated across environments. The late date of planting and 
moisture stress in environment 2 favored protein synthesis at the expense 
of oil (Tables 14 and 15). The effects of these stresses were more 
evident for the high population. The deviations for protein percent­
age between environments for the control, high, and low populations in 
AX144 midseason were 1,8, 3.4, and 2.2, respectively. Therefore, when 
averaged across environments the control mean was not significantly different 
than the mean of the selected populations. The oil percentages for the 
selected populations in AX143 midseason deviated unidirectionally from 
the control mean in environment 2 (Table 14) and bidirectionally in 
environment 3 (Table 15). When observed across environments (Table 16) 
a bidirectional response was evident; however, the selected group means 
deviated equi-distance from the control mean. The high populations were 
significantly higher in protein and lower in oil than were the low 
populations. 
While the specific gravity comparisons were confounded with block 
effects, they did indicate that mass selection had been effective in 
stratifying the original population for chemical composition. A trend 
was observed for low populations to be earlier, lower in yield, and 
smaller in seed size than high populations. As observed in the sub-plot 
analyses (Tables 8, 9, and 10), the mean squares for the high versus 
low comparisons were, in general, greater than those observed for the 
control versus high and low comparisons (Table 12). This was most evident 
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for maturity, height, seed size, protein, oil, and seed density. 
Obviously, differences among the high and low populations were greater 
i than between the control mean and the mean of the selected groups. 
Significant differences were observed between cycles in the control 
populations for all characters (Table 13). Since conscious selection was 
not practiced in the control population any differences observed between 
cycles in these populations may be due to improper sampling of the 
population. Pods were picked from each plant in each population to main­
tain genetic variability which suggests that improper sampling of the 
population was the factor responsible for the differences observed between 
cycles in the control populations. As a result, improper sampling could 
mask the effects of mass selection in the high and low populations. In 
general, however, the magnitude of the mean squares for the cycle compari­
sons were larger in the selected groups than for the control. This would 
indicate smaller differences between cycles in the control populations. 
With the exception of yield, lodging, and early lodging significant 
differences were observed between cycles in the selected populations in 
most populations in most maturity groups. Significant increases (P < 
1%, Table 13) were realized for yield in the selected populations in 
AX143 early and midseason and for the control population in AX144 late 
(Tables 14, 15, and 16). Since cycle 2 was significantly later than 
cycle 1 for all but one maturity group in the control population, it 
was suspected that improper sampling of the population was the contribut­
ing factor for the lateness observed. The parent strains in the original 
crosses were of midseason maturity, and it is reasonable to suspect that 
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late rather than early segregates were selected. Difficulty was 
experienced in selecting lines as early as the check (Blackhawk). The 
increase yield performance between cycles could be explained on the 
basis of maturity. Later maturing lines yielded more than earlier matur­
ing lines, therefore, lines in cycle 2 capitalized on the longer growing 
season. 
In the selected populations the date of maturity for cycle 2 was 
later than the observed for cycle 1. Comparing each cycle in the selected 
populations to the respective cycle in control showed that the slight 
effects of mass selection for earliness observed in cycle 1 were not 
evident in cycle 2. Cycle 2 in the low populations deviated less from 
the control than did cycle 2 in the high populations. Again biased 
sampling of the population contributed to the maturity shift. Since 
plant selections representing each cycle were not chosen under the same 
environmental conditions it was difficult to coordinate the maturity 
dates for these populations. 
Cycle 2 was slightly more susceptible to lodging than cycle 1 in 
environment 3 (Table 15). This increase in lodging susceptibility could 
be explained by later maturity and increased height. Increased vegetative 
growth due to late maturity and taller plants would render a line sus­
ceptible to more severe lodging. 
No appreciable differences were observed for height between cycles 
for the control group except in AX144 late, where cycle 2 averaged 2 
inches taller than cycle 1 in each environment (Tables 14 and 15). Cycle 
2 was taller than cycle 1 in the AX143 early and midseason high popula­
tions and shorter in the AX143 late high group. In the low specific 
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gravity group, cycle 2 exceeded cycle 1 in height in three out of the 
five maturity groups studied. While the differences between cycles for 
height were small in the high populations a range from 1 to 4 inches 
was observed in the low populations. 
Significant changes occurred in the control population for seed size 
(Table 13). Without exception seed size was increased between cycle 1 
and cycle 2 in AX144 and was decreased between cycles in AX143. These 
differences were probably due to linkage relationships with or plieo-
tropic effects of other characters. For example, seed size increased as 
protein and date of maturity increased. Also, increased yield was 
associated with increased seed size. These differences persisted in the 
high populations inAXl43, but were not consistent in AX144. In the low 
populations, the differences were reversed in AX143 and AX144 late. 
A trend for decreased oil and increased protein was apparent between 
cycle 1 and 2 in the control populations. An increase in protein between 
cycles would suggest a decrease in oil due to the negative association 
between these characters. The protein increase between cycles was to be 
expected if cycle 2 lines matured later. Weber and Moorthy (1952) and 
Kwon and Torrie (1964) indicated that date of maturity was negatively 
correlated with oil percentage. Weiss e^ al. (1952), however, suggested 
that increased oil percentage was associated slightly with late maturity. 
The associations reported by the former authors suggested a positive 
association between lateness and higher protein, this association agreed 
with the relationships observed in this study. 
The effects of continued mass selection for increasing protein 
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percentage in AX143 were evident as indicated by the positive significant 
differences (P < 5%) between cycles in the high populations. A correspond­
ing decrease in protein was not realized in the low populations in environ­
ment 2 (Table 14), If lateness of maturity and of planting date favors 
increased protein synthesis, then the later maturity of cycle 2 coupled 
with late date of planting would counteract the mass selection effects for 
reducing the protein content in the low populations in this environment. 
The expected reduction in protein between cycles for the low population 
was realized in environment 3 (Table 15). While not consistently sig­
nificant in each maturity group and environment (Tables 13, 14, and 15), 
the oil percentages in AX143 were not increased as expected between the 
first and second cycle in the low populations. The effects of late 
maturity were again masking the effects of mass selection jsince lateness 
would favor less oil development. Subsequently, the oil percentages 
decreased as expected between cycles for the high population. 
In AX144, the relationships observed in AX143 were somewhat reversed. 
While the protein content decreased and the oil content increased between 
cycles in the low populations, the expected reverse trend was not observed 
in the high populations. The specific gravity separations were applied 
to a bulk population in AX144, and maturity classifications were not 
designated until individual plant selections were made. Also, it was 
evident that the genetic mechanisms involved in chemical development 
favored oil development at the expense of protein synthesis in AX144 
relative to AX143. Since earliness in maturity would favor oil develop­
ment, then lines selected from the bulk population to meet the AX144 
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midseason maturity class would be higher than average in oil. Conse­
quently, these lines would be low in protein. While this reason explains 
the results for AX144 midseason it does not account for the observed 
results for AX144 late. Perhaps a more reasonable explanation is that 
mass selection by specific gravity had reached a maximum level of effect­
iveness for increasing protein in this cross. Due to the high oil perform­
ance for AX144 this maximum level of effectiveness was achieved after one 
cycle of selection or between the second and fourth specific gravity 
separations. If the latter was true, evaluation of the populations after 
each separation would be desirable. 
Bidirectional responses for protein and oil were observed between 
the selected populations within each cycle and maturity group when compared 
to the respective control cycle means (Tables 14, 15, and 16). These 
responses are in the desired direction and consistent with cycle 1 per­
formance observed in environment 1. It would appear that the effects of 
maturity are confounding those of mass selection when comparing cycles 
within a specific population. 
The response in seed density between cycles closely paralleled those 
for protein. A negative association between seed density and oil was 
suspected since a decrease in oil normally occurred with an increase in 
seed density. Specific gravity of seed could be influenced by factors 
other than chemical composition such as--seed size, seed quality, and 
moisture content. While none of these factors were suspected to be 
influencing the specific gravity separations, they could have influenced 
the seed density measurements. Seed density was determined on a random 
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lot of clean, whole seed from each plot, and while seed size was not 
distinguished poor quality seed was discriminated against. Also, the 
seed density measurements gave no information as to the range in density 
of the keed in a specific lot. It was assumed, however, that the mean 
of this range was related to the specific gravity of the seed. Neither 
seed density measurements nor specific gravity determinations differen­
tiate between genetic and environmental effects that influence chemical 
composition of the seed. Effective stratification of a population for 
chemical composition could be achieved by establishing the appropriate 
controls to determine the range of density or specific gravity for each 
environment. 
Mean cross performance and frequency distributions 
Mean agronomic and chemical performance for all characters across 
maturity groups within a cross for environments 2, 3, and combined 2 
and 3 are presented in Tables 17, 18, and 19, respectively. Mean yield 
performance for the control populations in AX143 was greater than either 
selected population in both environments 2 and 3 (Tables 17 and 18). 
Contrastingly, larger yields were observed for the selected populations 
in AX144. The bidirectional responses observed for chemical composition 
within a cycle and maturity group are evident on a cross basis. 
Frequency distributions of mean protein, oil, and seed density 
performance of lines in each specific gravity group within a cross are 
presented in Figures 1, 2, and 3, respectively. The mean performance 
for protein percentage for the two cycles of selection are equal in the 
control population of AX143 (Table 19 and Figure 1). The range in 
Table 17. Mean agronomie and chemical performance across maturity groups for characters in F_-Fg 
soybean lines from two crosses for environment 2, 1965 
Cross and 
specific sravitv Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX143 Co CI 15.08 24 1.3 31 16.2 42.9 20.0 1.8 1.272 
Co C2 15.31 26 1.3 31 15.7 43.0 19.9 1.8 1.275 
Co X 15.20 25 1.3 31 16.0 42.9 20.0 1.8 1.273 
Hi CI 13.71 24 1.2 29 15.8 43.8 19.8 1.7 1.273 
Hi C2 14.22 28 1.3 29 15.3 44.6 19.0 1.7 1.277 
Hi X 13.97 26 1.3 29 15.5 44.2 19.4 1.7 1.275 
Lo CI 13.57 22 1.2 30 15.7 41.6 20.7 1.7 1.270 
Lo C2 14.17 26 1.3 31 16.2 41.9 20.5 1.7 1.270 
Lo X 13.87 24 1.2 31 16.0 41.8 20.6 1.7 1.270 
AX144 Co CI 13.84 26 1.2 30 14.6 41.1 .21.7 1.5 1.269 
Co C2 14.13 29 1.2 31 15.1 41.6 21.3 1.5 1.272 
Co X 13.98 27 1.2 30 14.9 41.4 21.5 1.5 1.271 
Hi CI 14.96 29 1.2 32 15.6 42.8 21.1 1.7 1.273 
Hi C2 15.01 30 1.3 32 15.7 42.1 21.0 1.7 1.273 
Hi X 14.98 29 1.3 32 15.6 42.4 21.0 1.7 1.273 
Lo CI 15.23 25 1.2 29 15.2 40.6 22.2 1.7 1.267 
Lo C2 14.48 28 1.3 32 15.0 40.2 22.1 1.7 1.268 
Lo X 14.85 27 1.2 30 15.1 40.4 22.2 1.7 1.267 
AX143-AX144 Co Cl 14.58 25 1.2 30 15.6 42.2 20.7 1.7 1.271 
Co C2 14.84 27 1.2 31 15.5 42.5 20.4 1.7 1.274 
Co X 14.71 26 1.2 30 15.5 42.3 20.6 1.7 1.272 
Hi Cl 14.21 26 1.2 30 15.7 43.4 20.3 1.7 1.273 
Hi C2 14.53 29 1.3 30 15.4 43.6 19.8 1.7 1.275 
Hi X 14.37 27 1.3 30 15.6 43.5 20.0 1.7 1.274 
Lo Cl 14.23 24 1.2 29 15.5 41.2 21.3 1.7 1.269 
Lo C2 14.30 27 1.3 32 15.7 41.2 21.1 1.7 1.269 
Lo X 14.26 25 1.2 30 15.6 41.2 21.2 1.7 1.269 
Overall mean 14.45 26 1.2 30 15.6 42.3 20.6 1.7 1.272 
Table 18. Mean agronomie and chemical performance across maturity groups for characters in 
soybean lines from two crosses for environment 3, 1965 
Cross and 
specific gravity Yield Maturity Lodeine Height Seed size Protein Oil EL SD 
AX143 Co CI 21.99 22 1.5 34 16.3 40.8 20.9 2.1 1.267 
Co C2 22.16 25 1.5 34 15.9 40.6 20.7 2.1 1.269 
Co X 22.08 24 1.5 34 16.1 40.7 20.8 2.1 1.268 
Hi CI 20.70 22 1.4 33 16.1 41.3 20.4 2.1 1.273 
Hi C2 22.11 27 1.4 34 15.7 41.9 19.5 2.0 1.279 
Hi X 21.40 24 1.4 33 15.9 41.6 20.0 2.0 1.276 
Lo CI 20.58 21 1.4 34 15.9 39.7 21.6 2.1 1.269 
Lo C2 21.96 26 1.4 35 16.2 39.3 21.5 1.9 1.269 
Lo X 21.27 23 1.4 34 16.1 39.5 21.5 2.0 1.269 
AX144 Co CI 23.47 25 1.4 35 15.1 39.2 22.4 1.9 1.262 
Co 02 24.42 29 1.5 37 15.7 39.6 21.8 1.9 1.265 
Co X 23.94 27 1.4 36 15.4 39.4 22.1 1.9 1.264 
Hi CI 24.66 28 1.6 36 15.8 39.9 21.9 2.0 1.265 
Hi C2 24.53 29 1.6 35 15.7 39.6 21.7 2.0 1.267 
Hi X 24.60 28 1.6 35 15.8 39.8 21.8 2.0 1.266 
Lo CI 22.84 24 1.4 33 14.7 38.4 22.9 1.9 1.260 
Lo C2 22.78 28 1.7 36 15.0 38.0 23.2 2.2 1.262 
Lo X 22.81 26 1.5 35 14.9 38.2 23.0 2.1 1.261 
AX143-AX144 Co CI 22.58 24 1.4 ' 34 15.8 40.2 21.5 2.0 1.265 
Co C2 23.06 27 1.5 35 15.8 40.2 21.1 2.0 1.268 
Co X 22.82 25 1.4 35 15.8 40.2 21.3 2.0 1.266 
Hi CI 22.28 24 1.4 34 16.0 40.7 21.0 2.1 1.270 
Hi C2 23.08 28 1.5 34 15.7 41.0 20.4 2.0 1.274 
Hi X 22.68 26 1.5 34 15.9 40.8 20.7 2.0 1.272 
Lo CI 21.48 22 1.4 34 15.5 39.2 22.1 2.1 1.265 
Lo C2 22.29 27 1.5 36 15.7 38.8 22.2 2.0 1.267 
Lo X 21.89 24 1.5 35 15.6 39.0 22.1 2.0 1.266 
Overall mean 22.46 25 1.5 34 15.8 40.0 21.4 2.0 1.268 
Table 19. Mean agronomie and chemical performance across maturity groups for characters in F^-Fg 
soybean lines from two crosses for environments 2 and 3 combined, 1965 
Cross and 
specific gravity Yield Maturity Lodging Height Seed size Protein Oil EL SD 
AX143 Co CI 18.53 23 1.4 32 16.3 41.8 20.5 1.9 1.270 
Co C2 18.74 25 1.4 32 15.8 41.8 20.3 1.9 1.272 
Co X 18.64 24 1.4 32 16.0 41.8 20.4 1.9 1.271 
Hi CI 17.20 23 1.3 31 15.9 42.5 20.1 1.9 1.273 
Hi C2 18.16 28 1.4 31 15.5 43.3 19.3 1.8 1.278 
Hi X 17.68 25 1.3 31 15.7 42.9 19.7 1.9 1.276 
Lo CI 17.07 22 1.3 32 15.8 40.7 21.2 1.9 1.269 
Lo C2 18.07 26 1.4 33 16.2 40.6 21.0 1.8 1.270 
Lo X 17.57 24 1.3 33 16.0 40.6 21.1 1.9 1.269 
AX144 Co CI 18.65 25 1.3 32 14.9 40.2 22.0 1.7 1.266 
Co C2 19.28 29 1.3 34 15.4 40.6 21.5 1.7 1.269 
Co X 18.96 27 1.3 33 15.1 40.4 21.8 1.7 1.267 
Hi CI 19.81 28 1.4 34 15.7 41.3 21.5 1.9 1.269 
Hi C2 19.77 30 1.4 33 15.7 40.9 21.3 1.9 1.270 
Hi X 19.79 29 1.4 34 15.7 41.1 21.4 1.9 1.269 
Lo CI 19.03 24 1.3 31 14.9 39.5 22.6 1.8 1.263 
Lo C2 18.63 28 1.5 34 15.0 39.1 22.7 2.0 1.265 
Lo X 18.83 26 1.4 32 15.0 39.3 22.6 1.9 1.264 
AX143-AX144 Co CI 18.58 24 1.3 32 15.7 41.2 21.1 1.8 1.268 
Co C2 18.95 27 1.4 33 15.6 41.3 20.8 1.8 1.271 
Co X 18.77 25 1.3 33 15.7 41.3 20.9 1.8 1.269 
Hi CI 18.25 25 1.3 32 15.8 42.0 20.7 1.9 1.271 
Hi C2 18.81 28 1.4 32 15.6 42.3 20.1 1.9 1.275 
Hi X 18.53 27 1.4 32 15.7 42.2 20.4 1.9 1.273 
Lo C2 17.86 23 1.3 32 15.5 40.2 21.7 1.9 1.267 
Lo C2 18.29 27 1.4 34 15.7 40.0 21.7 1.9 1.268 
Lo X 18.07 25 1.4 32 15.6 40.1 21.7 1.9 1.267 
Overall mean 18.86 26 1.4 32 15.7 41.2 21.0 1.9 1.270 
Figure 1. Distributions of mean protein percent for F -F soybean lines from crosses AX143 and 
AX144 for environments 2 and 3 combined, 1965 
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Figure 2. Distributions of mean oil percent for soybean lines from crosses AX143 and AX144 for 
environments 2 and 3 combined, 1965 
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Figure 3. Distributions of mean seed density for F -F* soybean lines from crosses AX143 and AX144 for 
environments 2 and 3 combined, 1965 
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performance of the lines in each cycle was similar. In AX144 control, 
the range in performance of the lines was dissimilar while the mean for 
cycle 2 exceeded the cycle 1 mean by .4 percent. For AX143, the differ­
ence in mean performance between the cycles was in the desired direction 
for each selected population. 
A noteable shift of the distributions between cycles within the 
selected populations was observed for both crosses. This supports 
earlier observations in that continued selection gave additional favorable 
response. In both crosses the low population contained lines with a mean 
protein content lower than any line in the control. In ÂX143 high, seven 
lines either equalled or exceeded the highest protein line in the control. 
Mean oil content for cycle 2 was less than cycle 1 in both crosses 
in the control populations (Table 19 and Figure 2). In AX144 control, 
the distribution for cycle 2 was shifted toward lower oil (Figure 2). 
The range in performance in AX143 was greater than in AX144 for all 
populations. The effects of continued mass selection for oil are reflected 
in the noteable shift of the distributions between cycles for the selected 
populations in AX144 and for the high population in AX143. 
The cycle distributions for seed density were similar in the AX143 
control population, however, cycle 2 mean was greater than cycle 1 in 
AX144 control. Selection was more effective for increasing than decreasing 
seed density. The most pronounced shift in the distributions was observed 
between cycles in AX143 high. 
Frequency of lines in each population that were deviating plus or 
minus 1.96 and 2.58 standard deviations from the maturity group control 
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mean are presented for protein, oil, and seed density in Figures 4, 5, 
and 6, respectively. A symmetric distribution with a low frequency of 
lines deviating from the control mean would be expected in all control 
populations. If mass selection was effective, the distributions in the 
selected populations would be skewed either greater or less than the 
control mean depending upon the effect of selection on that character in 
that population. Lines in the high population were expected to be high 
in protein and low in oil. The reverse relationship was hypothesized in 
the low population. Progress from continued selection would be evident 
if the frequency of lines deviating from the control mean increased 
between cycle 1 and 2. 
For protein (Figure 4), a higher frequency of lines deviated in the 
desired direction from the control mean for both selected population 
than was observed for the control. With the exception of AX144 high, 
continued selection increased the frequency of lines deviating from the 
control mean. The distributions for oil content showed an increased 
frequency of lines deviating from the control mean in all populations 
(Figure 5). Continued selection was effective in increasing the 
frequency of lines deviating from the control mean in all selected 
populations except AX143 low. The greatest increase between cycle 1 and 
cycle 2 was observed in AX143 high. 
For seed density in AX143, the high population had more lines 
deviating positively from the control mean than were observed in the 
control population (Figure 6). This relationship was expected if high 
specific gravity selection was selecting for dense seed. The other 
Figure 4, Distributions of mean protein percent for F^-Fg soybean lines from two crosses that 
were less than (<), equal to (=), or greater than (>) the cross-maturity group control 
mean for environments 2 and 3 combined, 1965 
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Figure 5. Distributions of mean oil percent for F^-Fg soybean lines from two crosses that were 
less than (<) , equal to (=), or greater than (>) the cross-maturity group control 
mean for environments 2 and 3 combined, 1965 
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Figure 6. Distributions of mean seed density for Fy-Fg soybean lines from two crosses that were 
less than (<) , equal to (=), or greater than (>) the cross-maturity group control 
mean for environments 2 and 3 combined, 1965 
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selected populations did not express as pronounced effects. 
The effects of mass selection by specific gravity on the mean 
protein, oil, and seed density performance for each cross are summarized 
in Figure 7. Wide differences in chemical composition between crosses 
were indicated by the mean protein and oil performance of the control 
1 
populations. In AX143, the control mean protein and oil performance was 
41.8 and 20.4 percent, respectively, while AX144 averaged 40.4 percent 
protein and 21.8 percent oil. These means reflect the parent strain 
performances for each cross. Both crosses had a common female parent low 
in protein (39.9%) and with average oil (21.0%). AX143, however, had as 
a male parent a strain high in protein (44.1%) and low in oil (19.1%), 
while AX144 had a male parent with average protein (42.2%) and high oil 
(21.6%). 
Mass selection for chemical composition by specific gravity separa­
tion was effective after one cycle of selection (Figure 7 and Tables 7 
and 19). The high specific gravity separation was successfully selecting 
for high protein and low oil as hypothesized. The reverse relationship 
was observed for low specific gravity separations. Differential responses, 
however, were found between the crosses. AX144 favored increased protein 
and oil development while AX143 favored oil development with decreased 
protein. Two specific gravity separations had stratified the original 
population into high and low density seed. 
The effects of continued mass selection for chemical performance and 
seed density on a cross basis were related by the differences between 
cycle 1 and cycle 2 (Figure 7 and Table 19). These effects were in the 
Figure 7. Cycle mean protein, oil, and seed density for F^-Fg soybean 
lines from crosses AX143 and AX144 for environments 2 and 3 
combined, 1965 
90 
Hi Lo —' 
AX 143 I AXI44 
1.275 
SEED 
DENSITY 1.270 (g./cc.) 
1.265 
1.260 
OIL {%) 
PR0TEIN(7o) 
CYCLE OF SELECTION 
91 
desired direction for most populations. The percent change in protein, 
oil, and seed density between the control and each cycle of selection 
is presented in Table 20. With the exception of AX143 high, cycle 1 was 
more effective than cycle 2 in altering the chemical composition and 
seed density of the preceding cycle. In AX143 high, cycle 1 and 2 were 
equally effective for increasing protein and seed density. In this popu­
lation, however, cycle 2 was more effective than cycle 1 for altering the 
oil content. In general, the slight increase realized between cycle 1 
and 2 would appear to have little practical utility relative to the time 
and expense required to achieve this increase, 
Genotypic variance 
The greater the effectiveness of mass selection the greater would 
be the expected decrease in genotypic variance for a character between 
cycles of selection. The reduction in effectiveness is based on the 
assumption that selection is effectively choosing similar, desirable 
genotypes which deviate less from the selected population mean than 
from the mean of the original population. However, in self-pollinated 
species any reduction in genotypic variances due to selection would be 
opposed by two powerful, natural forces. These forces are the release of 
variability as a consequence of inbreeding and undetectable environmental 
variances. It is the release of variability with which continued progress 
from selection would depend. 
Estimates of genotypic variances were obtained for the selected 
populations in all maturity groups. These estimates were obtained by 
equating the appropriate mean squares to their expectations and solving 
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Table 20. Percent change in protein, oil, and seed density between 
control and each cycle of selection in AX143 and AX144 for 
environments 2 and 3 combined, 1965 
Population^ Protein Oil Seed density 
AX143 Hi C2 104 95 100.4 
Hi CI 102 99 100.2 
Co 100 100 100.0 
Lo CI 97 104 1 99.8 
Lo C2 97 103 99.9 
AX144 Hi C2 101 98 100.2 
Hi CI 102 99 100.1 
Co 100 100 100.0 
Lo CI 98 104 99.7 
Lo C2 97 104 99.8 
^Co used as base reference for both cycles of selection. 
for the respective component. Genotypic variance components for all 
characters for lines in the selected populations for environments 2, 3, 
and 2 and 3 combined are presented in Table 21. The genotypic variance 
decreased from cycle 1 to cycle 2 in both environments 2 and 3 for all 
characters with the exception of protein. The relative magnitude of 
these estimates observed in the poor environment 2 was markedly less 
than those observed for environment 3. The poor growing conditions for 
environment 2 prevented maximum differentiation between genotypes, thus 
poorly estimating these variances. When the genotype by environment 
interaction component was removed the trend observed in individual 
environments was not altered. However, the relative magnitude of these 
Table 21. Genotypic variance components for Hi and Lo populations for characters in F^-Fg soybean 
lines from t-wo crosses for environments 2, 3, and combined, 1965 
Population Yield Maturity Lodging Height Seed size Protein Oil EL SD 
Environment 2 
AX 143 E Hi CI .00 13.56 .000 7.69 1.14 .66 1.25 .09 .000048 
Hi C2 .88 7.61 .000 3.52 .40 1.65 .62 .01 .000050 
Lo CI .00 8.21 .000 4.86 .69 .00 .30 .03 .000004 
Lo C2 .00 1.60 .006 7.30 1.49 .70 1.01 .06 .000086 
AX143 M Hi 01 .24 5.70 .005 .61 .89 .00 .94 .03 .000011 
Hi 02 .87 2.06 .014 .84 .37 2.53 .46 .17 .000008 
Lo 01 .40 5.12 .000 3.12 1.37 1.18 .15 .01 .000028 
Lo 02 .30 1.07 .000 3.73 1.19 1.47 .57 .01 .000010 
AX 143 L Hi 01 .11 5.05 .003 .82 2.01 1.38 .82 .07 .000010 
Hi 02 1.41 .23 .047 3.67 1.48 .94 .18 .06 .000004 
Lo 01 .85 6.93 .006 5.00 .46 .36 .51 .12 .000012 
Lo 02 1.40 .28 .000 3.13 1.29 1.07 .24 .00 .000007 
AX 144 M Hi 01 .39 8.57 .000 9.31 1.14 .59 .31 .00 .000017 
Hi 02 .16 6.08 .012 10.53 .79 .66 .21 .25 .000002 
Lo 01 1.07 11.01 .018 3.05 1.23 .57 .43 .04 .000005 
Lo 02 .32 3.51 .016 4.05 3.49 .86 .57 .17 .000015 
AX 144 L Hi 01 .00 2.58 .000 7.14 1.34 .56 .10 .05 .000003 
Hi 02 .10 .08 .032 6.29 1.04 .75 .17 .00 .000000 
Lo 01 1.36 7.48 .000 1.41 1.56 .26 .14 .01 .000017 
Lo 02 .12 1.10 .014 18.58 .48 .40 .19 .02 .000006 
Table 21. (Continued) 
Population Yield Maturity Lodging Height 
Environment 3 
AX143 E Hi CI 3.83 6.66 .018 11.63 
Hi C2 1.11 8.40 .019 6.28 
Lo CI 2.48 6.46 .026 4.65 
Lo C2 1.71 3.76 .006 2.85 
AX 143 M Hi CI 1.17 13.09 .001 1.76 
Hi C2 1.29 4.89 .010 4.56 
Lo CI 1.82 11.62 .000 .62 
Lo C2 .37 10.07 .000 1.33 
AX 143 L Hi CI .36 14.22 .005 1.95 
Hi C2 .00 2.44 .031 5.72 
Lo CI .81 11.86 .010 6.43 
Lo C2 .12 3.01 .047 4.67 
AX144 M Hi CI 1.29 4.14 .025 3.77 
Hi C2 3.01 6.28 .024 10.03 
Lo CI .80 12.12 .054 1.57 
Lo C2 1.32 4.10 .064 4.22 
AX 144 L Hi CI .74 2.87 .000 3.25 
Hi C2 .75 .17 .005 2.16 
Lo CI 3.94 9.03 .000 6.43 
Lo C2 1.54 5.11 .215 14.72 
Seed size Protein Oil EL SD 
1.27 .30 .66 .11 .000044 
1.02 2.48 .66 .08 .000014 
1.17 .54 .46 .21 .000013 
2.25 .99 .79 .18 .000033 
1.94 .51 .16 .02 .000000 
.57 2.95 .50 .09 .000020 
1.22 .73 .39 .12 .000005 
1.39 1.46 .68 .00 .000004 
2.54 1.90 .74 .04 .000038 
1.77 1.07 .32 .05 .000017 
1.07 .60 .20 .10 .000001 
1.27 1.70 .22 .01 .000005 
.73 .75 .56 .16 .000011 
.68 .80 .20 .06 .000009 
.83 .45 .21 .14 .000014 
3.72 1.65 .30 .09 .000014 
2.12 .88 .32 .09 .000010 
.40 .92 .09 .13 .000006 
1.00 .75 .35 .05 .000014 
.88 .16 .20 .48 .000016 
Table 21, (Continued) 
Population Yield Maturity Lodging Height Seed size Protein Oil EL SD 
Environment 2, 3 
AX 143 E Hi CI 1.34 9.69 .006 9.94 1.11 .34 .95 .11 .000047 
Hi C2 .00 7.23 .008 5.19 .46 2.01 .60 .05 .000020 
Lo CI 1.08 7.79 .010 4.19 .86 .16 .41 .06 .000012 
Lo C2 .63 2.72 .008 4.00 1.77 .98 .92 .09 .000049 
AX143 M Hi CI .54 8.16 .005 2.08 1.36 .48 .52 .03 .000001 
Hi C2 .68 1.25 .017 2.94 .49 2.62 .46 .10 .000012 
Lo CI .00 8.39 .002 .00 1.27 .71 .14 .06 .000016 
Lo C2 .00 3.55 .001 1.94 1.32 1.53 .63 .02 .000008 
AX 143 L Hi CI .45 8.73 .006 .00 2.26 1.72 .85 .07 .000018 
Hi C2 .00 1.28 .017 5.16 1.56 .98 .25 .00 .000005 
Lo CI 1.17 9.44 .010 4.20 .72 .68 .18 .10 .000008 
Lo C2 1.20 .97 .003 5.04 1.27 1.42 .30 .02 .000007 
AX 144 M Hi CI 1.40 5.08 .008 6.39 .87 .51 .36 .07 .000012 
Hi C2 .42 6.58 .013 8.75 .70 .54 .24 .03 .000002 
Lo CI 1.01 10.80 .025 3.44 1.02 .36 .23 .07 .000011 
Lo C2 .11 3.10 .014 4.27 3.50 1.10 .31 .04 .000008 
AX144 L Hi CI .46 3.00 .002 5.06 1.69 .63 .18 .00 .000000 
Hi C2 .56 1.13 .031 3.09 .64 .85 .07 .19 .000000 
Lo CI 1.98 5.68 .008 3.14 1.18 .44 .26 .02 .000004 
Lo C2 .00 1.08 .063 12.73 .54 .37 .16 .21 .000000 
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estimates was reduced when compared to the estimates from environ­
ment 3. 
With but one exception the genotypic variances for maturity decreased 
between cycle 1 and 2 for all populations. Maturity ratings were scored 
in these environments during periods of cool, moist weather conditions 
which prolonged maturities for some lines. This period of undesirable 
weather coincided with the maturity of cycle 1 in most cases. Therefore, 
the reduction in genotypic variance observed for this character was most 
likely due to inaccurate maturity ratings rather than effects of selection. 
The reduction in genotypic variance for seed size between cycles in 
each population closely paralleled those observed for oil. This would 
suggest an association between these characters. 
Heritability and Interrelationship of Characters 
Estimates of genotypic and phenotypic variance and covariance 
components were obtained for each population by equating appropriate mean 
squares and cross products to their expectations and solving for the 
respective component. Component estimates were pooled across maturity 
groups to obtain estimates for each cross and combined over crosses. 
Heritability 
Heritabilities in the broad sense were computed on a mean line basis 
as a ratio of the genotypic variance to the phenotypic variance. Such 
estimates of heritability for self-pollinated species based on parameters 
obtained from advanced generations would approach narrow sense herita­
bilities. Estimates of heritability were consistent among maturity 
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groups for the specific populations; therefore, only estimates for each 
cross and combined crosses for various environments and combination of 
environments are presented in Table 22 for protein, oil, and seed density. 
Heritability estimates obtained over crosses for yield, maturity, lodging, 
height, seed size, and early lodging are presented in Table 23. 
With few exceptions, estimates of heritability calculated from data 
in environment 2 were lower than those observed for environment 3, 2, and 
3 combined, and 1, 2, and 3 combined. The low estimation of the geno-
typic variance, as observed in the previous section, in environment 2 
due to poor growing conditions would depress the estimate of heritability. 
These lower estimates were most pronounced for the chemical characters, 
protein and oil. 
In general, the heritabilities are high and consistent within a 
specific gravity population for protein, oil, and seed density (Table 
22). The estimates for seed density were notably lower than for either 
protein or oil. There was a marked trend for estimates of heritability 
in Ax144 to be lower than in AX143 for protein, oil, and seed density. 
This was in agreement with results reported for protein and oil by 
Caldwell (1963) and Byth (1965) for genetic material closely related to 
that used in this study. 
If mass selection was effective, heritability estimates for cycle 
2 would be expected to be less than those observed in cycle 1. This 
expectation was based on the assumptions that environmental effects 
influenced the cycles similarly and that genotypic variance decreased 
between cycles. The heritability estimates were closely associated with 
Table 22. Heritability estimates for protein, oil, and seed density in populations of F^-Fg soybean 
lines from two crosses for environments 2, 3, combined 2 and 3, and combined 1, 2, and 3, 
1963 and 1965 
Protein Oil Seed density 
Environment^ Environment^ Environment® 
Population 1,2,3 2 3 2,3 1,2,3 2 3 2,3 1,2,3 2 3 2,3 
AX143 All lines .88 .83 .93 .90 .90 .82 .93 .89 .68 .79 .83 .76 
AX144 All lines .88 .81 .91 .86 .90 .84 .90 .88 .69 .63 .70 .52 
AX143-AX144 All lines .88 .82 .92 .88 .90 .82 .92 .89 .68 .74 .80 .69 
AX143 Co .88 .69 .88 .86 .75 .64 .87 .86 .41 .73 .72 .72 
AX144 Co .86 .62 .89 .88 .88 .74 .85 .87 .77 .56 .56 .54 
AX143-AX144 Co .87 .67 .88 .86 .83 .67 .86 .86 .65 .68 .67 .67 
AX143 Co Cl ## mm .66 .90 .82 ™ — .64 .89 .82 mm mm .65 .79 .77 
AX144 Co Cl .60 .79 .88 .74 .70 .80 - — .22 .64 .47 
AX143-AX144 Co Cl - - .65 .87 .83 - - .67 .85 .82 - - .55 .75 .71 
AX143 Co C2 _ mm .72 .86 .91 -m mm .59 .84 .88 — mm .76 .59 .63 
AX144 Co C2 .64 .92 .87 - - .69 .85 .90 mm - .67 .46 .52 
AX 143-AX 144 Co C2 .70 .90 .89 - - .62 .84 .89 - - .73 .55 .60 
AX143 Hi .74 .76 .91 .89 .93 .83 .90 .91 .86 .78 .74 .79 
AX144 Hi .87 .69 .86 .80 .94 .67 .80 .80 .76 .35 .68 .41 
AX 143-AX 144 Hi .81 .74 .90 .87 .94 .80 .88 .89 .83 .69 .80 .73 
AX143 Hi Cl .66 .86 .83 — aa .84 .87 .93 — m. .78 .81 .82 
AX144 Hi Cl — — .64 .86 .76 .69 .86 .81 - - .53 .62 .57 
AX 143-AX 144 Hi Cl — - .66 .86 .81 — - .82 .87 .90 .70 .76 .77 
^C1 evaluated across environments 1, 2, and 3 and Cl and G2 evaluated in environments 2 and 3 
and across environments 2 and 3. 
Table 22. (Continued) 
Protein Oil Seed density 
Environment^ Environment^ Environment^ 
Population 1.2.3 2 3 2.3 1.2.3 2 3 2.3 1.2.3 2 3 2.3 
AX143 Hi C2 - - .79 .94 .91 - - .69 .86 .85 — - .75 .70 .66 
AX144 Hi C2 —  —  .69 .87 .82 -  —  .67 .66 .77 -  - .11 .56 .20 
AX143-AX144 Hi C2 - — .77 .92 .89 - - .69 .82 .83 .63 .66 .59 
AX143 Lo .83 .63 .87 .82 .86 .70 .85 .82 .69 .78 .60 .76 
AX144 Lo .82 .63 .85 .79 .76 .78 .80 .76 .80 .56 .72 .46 
AX143-AX144 Lo .83 .63 .86 .81 .82 .73 .84 .81 .73 .72 .66 .67 
AX143 lio CI _ — .55 .80 .75 •m M .63 .82 .69 ~ mm .69 .49 .82 
AX144 Lo CI - - .57 .82 .71 — — .76 .79 .80 - - .55 .70 .57 
AX143-AX144 Lo CI .55 .81 .74,  - - .67 .81 .73 - - .63 .60 .72 
AX143 Lo C2 « M .71 .90 .92 » m# .76 .88 .93 m» — .84 .68 .82 
AX144 Lo C2 — — .67 .87 .85 — — .81 .78 .75 — — .55 .71 .33 
AX143-AX144 Lo C2 — — .70 .89 .90 .77 .85 .88 .77 .69 .71 
Table 23. Heritability estimates for yield, maturity, lodging, height, seed size, and early lodging 
in specific gravity populations of F^-Fg soybean lines in combined crosses for environments 
2, 3, combined 2 and 3, and combined 1, 2, and 3, 1963 and 1965 
Yield Maturity Lodging 
Environment^ Environment^ Environment^ 
Population 1.2.3 2 3 2.3 1,2.3 2 3 2.3 1,2.3 2 3 2,3 
All lines .74 .52 .69 .55 .93 .90 .90 .91 .62 .37 .67 .65 
Co .74 .46 .51 .62 .92 .87 .87 .91 .67 .60 .67 .71 
Co Cl - — .49 .51 .70 - " .84 .88 .89 - - .59 .70 .65 
Co C2 - - .45 .49 .56 - - .84 .75 .90 - - .62 .66 .76 
Hi .74 .33 .65 .53 .92 .89 .88 .91 .58 .60 .47 .64 
Hi Cl — — .16 .61 .67 - - .87 .84 .87 - - .21 .43 .52 
Hi C2 .46 .60 .32 - - .75 .74 .81 .63 .52 .72 
Lo 
CM 
.44 .69 .58 .92 .90 .91 .91 .63 .43 .77 .60 
Lo Cl — - .49 .68 .66 - - .88 .89 .90 - - .39 .58 .68 
Co C2 .52 .52 .40 - - .59 .77 .66 - - .47 .80 .58 
^C1 evaluated across environments 1, 2, and 3 and Cl and C2 evaluated in environments 2 and 3 
and across environments 2 and 3. 
Table 23. (Continued) 
Height Seed size Early lodging^ 
Environment Environment Environment 
Population 1,2.3 2 3 2,3 1,2,3 2 3 2,3 1,2,3 2 3 2,3 
All lines .86 .73 .83 .81 .96 .93 .95 .93 .57 .65 .65 
Co .86 .65 .75 .80 .96 .93 .96 .94 — — .56 .60 .68 
Co CI — — .66 .77 .76 .94 .96 .95 - - .46 .57 .64 
Co C2 - - .64 .72 .85 .93 .96 .96 - - .62 .64 .71 
Hi .87 .71 .83 .85 .96 .91 .94 .93 •m .58 .58 .66 
Hi CI — — .71 .81 .86 -  - .92 .95 .95 - - .52 .59 .66 
Hi C2 - - .71 .84 .84 - - .88 .91 .90 - - .69 .58 .71 
Lo .85 .76 .85 .83 .96 .93 .95 .93 — — .48 .72 .62 
Lo CI - - .63 .79 .73 - - .91 .92 .93 .48 .67 .62 
Lo C2 — — .78 .84 .82 .94 .96 .95 - - .55 .72 .67 
Early lodging not evaluated in environment 1. 
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the genotypic variances observed for these characters. For example, the 
genotypic variances increased between cycle 1 and cycle 2 for protein 
and this was true for the estimate of heritability for this character. 
Yoshino e^ al^. (195 5) obtained an average estimate of heritability 
1 
(47%) for 10 soybean crosses for the average specific gravity of the seed 
from F^ plants. Average specific gravity measurements obtained by these 
authors were approximate measurements of relative seed density. The 
heritability values reported herein for seed density exceeded those 
reported by Yoshino et a_l. These discrepancies are not unreasonable since 
the heritability estimates for specific gravity by Yoshino et aj^. were 
calculated on the F^ generation in the following manner: 
where , &p , and Op are phenotypic variance components from 
2 1 1 2 
F^, F^, and parents, respectively. An estimate of environmental variance 
is provided by the geometric mean of the parental variances. This method 
would lead to biased estimates if environmental effects influenced a 
segregating population differently than the nonsegregating populations. 
2 2 
Also, estimates of and c may not be a true estimate of the environ-
1 ^2 
mental variance. 
Heritability values for yield were the lowest and the most sporadic 
observed (Table 23). In the selected populations the estimates of 
heritability for maturity for cycle 2 were lower than those observed for 
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cycle 1. For seed size the estimates were consistent between populations 
and environments. The consistency observed in heritability values for 
early lodging could result from the narrow range over which this character 
was scored. 
Interrelationship of characters 
Phenotypic and genotypic correlations of seed density with all 
agronomic and chemical characters were calculated on a mean line basis. 
The phenotypic correlations were tested for significance and are bio­
logically defined as the degree of association that can be observed 
between two characters. Phenotypic correlations are composed of two 
components, genotypic correlations and environmental correlations. Geno­
typic correlations are chiefly the result of pleiotropism; however, 
linkage relationships may influence these correlations in certain instances. 
The degree of genetic association between two characters as a result of 
pleiotropy, measures the degree with which these characters are influenced 
by the same genes. When many genes are involved the genetic correlation 
is the sum effect of all the genes. Environmental correlations result 
from environmental effects influencing the two characters in a similar 
manner. 
Phenotypic and genotypic correlations for seed density with protein, 
oil, and all agronomic attributes are presented in Tables 24, 25, and 26, 
respectively. With few exceptions the genotypic correlations were greater 
in magnitude than the phenotypic correlations. This would be expected 
if environmental correlations were opposite in sign than observed for 
Table 24. Phenotyplc and genotypic correlations for protein percentage with seed density in 
populations of soybean lines from two crosses for environments 2, 3, combined 2 and 
3, and combined 1, 2, and 3, 1963 and 1965 
Environment^ 
1,2,3 2 3 2.3 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno 
AX143 All lines .56** .74 . 48** .54 . 58** .65 .60** .71 
AX143 Co .27 .43 .41** .48 ,49** .59 . 47** .51 
Co CI - - . 5 9*^« .79 .66** .77 .69** .78 
Co C2 - - .28 .30 .37* .47 .31 .31 
Hi .30 .34 . 43** .49 . 58** .64 .55** .62 
Hi CI - - . 58** .72 .58** .67 . 64** .72 
Hi C2 - - .22 .22 . 58** .69 . 45** .53 
Lo .29 .32 .27* .29 .33** .42 . 34** .42 
Lo CI - - -.03 -.18 .30 .41 .08 .03 
Lo C2 - - .47** .55 . 46** .56 .50** .55 
^G1 evaluated across environments 1, 2, and 3 and CI and C2 evaluated in environments 2 and 
3 and across environments 2 and 3. 
Table 24. (Continued) 
Environment 
1.2,3 2 3 LI 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno 
AX144 All lines .59** .70 .39** .50 .39** 00
 
.48**1 .69 
AX144 Co . 65** .73 .17 .20 .34* .46 .31* .42 
Co CI - - .18 .29 .22 .28 .28 .46 
Co G2 - - .02 -.03 .41 .60 .22 .26 
Hi . 64** .13 .06 .02 -.03 -.07 .01 .01 
Hi CI - - -.01 -.10 .10 -.10 -.01 -.11 
Hi C2 - - .14 .27 • -.13 -.22 .12 .62 
Lo .24 .26 .20 .26 .34* .42 .30 .37 
Lo CI - - .33 .49 .47** .60 .47* .63 
Lo C2 - - .22 .29 .41 .50 .33 .42 
AX143-AX144 All lines .57** .72 .45** .53 . 53** .60 . 57** .70 
AX143-AX144 Co .48** .58 .34** .41 . 44** .54 . 42** .48 
Co CI - - . 48** .69 .56** .66 .59** .70 
Co 02 - - .20 .20 . 38** .50 .28 .29 
Hi . 42** 
CM 
. 34** .41 . 42** .48 . 44** .52 
Hi CI - - . 40** .49 . 43** .50 . 47** .53 
Hi C2 - - .20 .22 ]40** .49 i 38** .52 
Lo .26 .29 .25* .28 .33** .41 .33** .41 
Lo CI - - .10 .04 . 38** .49 .22 .22 
Lo C2 - - .40** .49 . 44** .53 .46** .52 
Table 25. Phenotypic and genotypic correlations for oil percentage with seed density in populations 
of Fg-Fg soybean lines from two crosses for environments 2, 3, combined 2 and 3, and 
combined 1, 2, and 3, 1963 and 1965 
Environment^ 
1.2.3 2 3 2.3 
Population Pheno. Gene. Pheno. Geno. Pheno. Geno. Pheno. Geno 
AX143 All lines -.88** -1.06 -.67** 
o
 
00 1 
-.72** 00
 
-.80** -.95 
AX143 Co -.73** -1.16 -.65** -.90 -.65** -.76 -.75** -.94 
Co CI - - -.53** -.76 -.59** -.66 -.69** -.88 
Co C2 - - -.76** -1.07 -.72** -.94 -.82** -.99 
Hi -.8 6** -.77 -.57** -.81 -.77** -.86 -.82** -.97 
Hi CI - - -.80** -.97 -.74** -.84 -.84** -.92 
Hi C2 - - -.40** -.51 -.*75** -.91 -.75** -1.05 
Lo -,8 6** -1.03 -.58** -.74 -.58** -.72 -.66** -.79 
Lo CI - - -.48** -. 68 -.61** -.86 -.57** -.65 
Lo C2 - - -.74** -.90 -.65** -.78 -.74** -.78 
^C1 evaluated across environments 1, 2, and 3 and CI and C2 evaluated in environments 2 and 3 
and across environments 2 and 3. 
Table 25. (Continued) 
Environment 
Population 
1,2 ,3 2 3 2 ,3 
Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
AX144 All lines -.68** -.81 -.56** -.70 -.60** -.76 -.73** -1.06 
AX144 Co -.79** -.95 -.38** -.47 -.65** -.94 -.62** -.88 
Co CI - - -. 48 -.94 -.79** -1.17 -.83** -1.29 
Co C2 - - -.16 -.13 -*51** -.81 -.36 -.46 
Hi -.73** -.79 -.41** -.69 -.53** -.71 -.61** -1.38 
Hi CI - - -.59** -.85 -.65** -.89 -.67** -.68 
Hi C2 - - -.17 -.18 -.18 -.31 -. 44* -1.51 
Lo -.58** -.65 -.46** -.58 -.44** -.57 -.58** -.93 
Lo CI - - -. 68'** -.93 -.55** -.74 -.83** -1.27 
Lo C2 - - -.39 -.50 -.64** -.86 -.60** -.92 
AX143-AX144 All lines -.79** -.95 -.64** -.78 —.68** -.78 -.78** -.98 
AX143-AX144 Co -.77** -.99 -.57** -.77 -.65** -.81 -.72** -.92 
Co CI - - -.52** -.76 -.63** -.76 -.72** -.95 
Co C2 - - -.56** -.77 -.63** -.89 -.67** -.82 
Hi -.79** -.86 -.57** -.79 -.72** -.83 -.79** -1.01 
Hi CI - - -.74** -.94 -.71** -.84 -.80** -.88 
Hi C2 - - -.35** -.47 -.62** -.79 -.69** -1.07 
Lo -.75** -.89 -.54** -.69 -.52** -.65 -.63** -.82 
Lo CI - - -.55** -.76 -.58** -.78 -.67** -.86 
Lo C2 - - -.65** -.80 -,64** -.79 -.70** -.80 
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Table 26. Phenotypic and genotypic correlations for ail characters except 
protein and oil with seed density in populations of F^-Fg 
soybean lines from two crosses for environments 2, 3, combined 
2 and 3, and combined 1, 2, and 3, 1963 and 1965 
Environment 1,2,3 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno. 
Yield Maturity Lodging 
AX143 All lines .06 .06 . 38** .47 .24* .31 
Co -.17 -.43 -.04 -.10 .06 .09 
Hi .10 .09 .55** .65 .40* .62 
Lo .05 .14 .37* .41 .10 .04 
AX144 All lines -.26* -.41 .12 .13 -.08 -.14 
Co -.17 -.18 .31 .36 .08 .10 
Hi -.21 -.24 .03 .04 .38 .53 
Lo -.31 -.45 -.10 -.15 -.36 -.56 
AX143-AX144 All lines -.06 -.11 .28** .34 .12 .14 
Co -.16 -.26 .13 .15 .25 .09 
Hi .01 .00 .33* .40 .39** .58 
Lo -.07 -.06 .19 .18 -.06 -.15 
Height Seed size Early lodginf 
AX143 All lines . 32** .38 -.02 -.01 mm mm — — 
Co .38* .64 -.09 -.11 - — — -
Hi .25 .25 -.25 -.27 - — — — 
Lo .13 .14 -.08 -.09 - - - -
ÂX144 All lines -.08 -.13 -.08 -.10 mm — — a 
Co .07 .12 .25 .31 — — - -
Hi .21 .23 -.35 -.40 — — — — 
Lo -.08 -.13 -.16 -.18 - -
AX143-AX144 All lines .19* .21 -.05 -.05 » M — — 
Co .22 .30 .11 .16 - - — -
Hi .32* .24 -.32* -.31 - - - -
Lo .05 .04 -.11 -.13 - - — -
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Table 26. (Continued) 
Environment 2 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno. 
Yield Maturity Lodging 
AX143 All lines -.03 -.07 .18* .21 .01 .02 
Co -.10 -.20 .11 .12 .05 .06 
Hi .06 .07 .35** .37 .13 .18 
Lo -.29** -.52 -, 06 -.07 .01 .13 
AX144 All lines -.02 -.10 .16 .19 -.05 -.09 
Co -.02 -.20 .10 .11 .00 .00 
Hi .03 -.14 -.19 -.44 .02 -.15 
Lo -.21 -.50 .16 .19 -.15 -.34 
AX143-AX144 All lines -.03 -.08 . 17** .20 -.01 .01 
Co -.07 -.20 .10 .12 .04 .03 
Hi .05 .05 .23* .25 .09 .10 
Lo -.25** -.50 .01 .00 -.01 -.09 
Height Seed size Early lodging 
AX143 All lines -.08 -.15 -.24** -.31 .10 .11 
Co -.05 -.15 -.09 -.13 .05 .04 
Hi .13 -.10 -.27 -.33 .19 .24 
Lo -.12 -.19 -.26* -.33 ."11 .14 
AX 144 All lines .26** .31 .05 .03 .04 -.07 
Co .28 .36 .12 .11 .06 -.08 
Hi -.07 -.22 .01 -.06 .11 .05 
Lo .22 .27 -.13 -.22 -.01 -.16 
AX143-AX144 All lines .06 .04 -.13* -.18 .07 .05 
Co .10 .08 -.03 -.06 .05 .01 
Hi .05 -.11 -.18 -.26 .16 .19 
Lo .01 .03 -.04 -.28 .06 .03 
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Table 26. (Continued) 
Environment 3 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno 
Yield Maturity Lodging 
AX143 All lines .02 .07 . 34** .37 .05 .03 
Co .08 .26 .10 .43 .06 .04 
Hi .14 .24 .43** .47 .27* .36 
Lo -.09 -.04 -.15 .29 .13 .14 
AX144 All lines .29** .36 .48** .59 .23** .35 
Co .28 .37 .39* .40 .25 .47 
Hi .08 .03 .09 .09 .06 .17 
Lo .11 .09 .61** .74 .37* .49 
AX143-AX144 All lines .10 .16 .38** .43 . 12* .16 
Co .15 .29 .20* .41 .12 .17 
Hi .12 .18 .36** .42 .20* .30 
Lo .00 .01 .13 .46 .27** .36 
Height Seed size Early lodginj 
AX143 All lines -.03 -.04 -.19* -.21 -.07 -.09 
Co -.07 -.10 -.04 -.04 -.04 -.05 
Hi .02 .03 -.36* -.40 -.02 -.15 
Lo .13 .18 -.23 -.30 -.17 -.24 
AX144 All lines .18 .25 .31** .39 .05 .11 
Co .24 .39 .26 .36 -.10 -.14 
Hi .00 .02 .12 .15 -.08 -.09 
Lo .25 .32 .24 .29 .27 .40 
AX143-AX144 All lines .04 .05 -.03 -.03 -.02 -.02 
Co .04 .07 .06 .08 -.06 -.07 
Hi .01 .24 -.23* -.26 -.04 .04 
Lo .19 .25 -.02 -.03 .04 .09 
Table 26. (Continued) 
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Environment 2,3 
Population Pheno. Geno. Pheno. Geno. Pheno. Geno. 
Yield Maturity Lodging 
AX143 All lines -.07 -.20 .31** .36 .08 .09 
Co .02 .07 .28 .34 .04 .01 
Hi .08 .03 .42** .46 .24 .32 
Lo -.27* -.47 .08 .07 .13 .20 
AX144 All lines .22* .41 .41** .60 .14 .13 
Co .15 .18 .32* .47 .20 .30 
Hi .03 .00 .05 .27 .07 .18 
Lo -.03 -.02 , 44** .56 .18 .14 
AX143-AX144 All lines .02 -.03 . 34** .42 .10 .10 
Co .06 .11 .29** .37 .09 .08 
Hi .06 .11 .36** .43 .19 .26 
Lo -.18 -.34 .19 .19 .14 .15 
Height Seed size Early lodging 
AX143 All lines -.09 -.14 -.24** -.28 -. 06 -.02 
Co -.12 -.23 -.06 -.05 -.01 -.03 
Hi .23 .26 -.36** -.42 .10 .14 
Lo -.04 -.06 -.26* -.28 -.20 .02 
AX144 All lines .26** .36 .23* .34 .10 .26 
Co .31* .43 .23 .31 .12 .56 
Hi -.06 -.13 .13 .27 .03 .11 
Lo .30 .46 .04 .03 .26 .56 
AX143-AX144 All lines .04 .03 -.09 -.10 .00 .06 
Co .05 .02 .03 .05 .03 .10 
Hi .14 .15 -.24* -.28 .07 .12 
Lo .10 .13 -.14 -.18 -.01 .20 
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genotypic correlations. A change in direction between a phenotypic and 
genotypic correlation would indicate an environmental correlation greater 
in magnitude and opposite in sign of the genotypic correlation. 
InAXl43, positive phenotypic correlations between protein and seed 
density were observed (Table 24). While the correlations are of moderate 
magnitude they were significant in most populations and environments. 
In AX144, however, a significant positive association between these 
characters was observed for all lines while few values were significant 
for any specific population. A reduction in the variability due to selec­
tion would tend to decrease the correlations, and a zero correlation would 
be expected if either character lacked variability within the population. 
Strong, consistent negative correlations were observed in all popula­
tions in AX143 for seed density with oil (Table 25). Although significant 
and negative in most populations in AX144 the degree of association 
between oil and seed density was lower than observed in AX143. The 
correlation between these characters decreased between cycle 1 and cycle 
2 in all specific gravity groups for AX144. 
The phenotypic association for seed density with protein and oil 
reported in this study are in close agreement with those reported by 
Hartwig and Collins (1962) for specific gravity with protein and oil. The 
correlations reported in this study are measurements of association of 
the mean oil and protein performance for a line with the mean seed 
density value. The values presented by Hartwig and Collins, however, 
were associations between the specific gravity of the seed and chemical 
composition of the seed one generation advanced. The latter estimates 
1 
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were influenced by both environmental and generation effects while those 
observed herein are influenced only by environmental effects. 
In general, phenotypic and genotypic correlations for seed density 
with protein and oil were larger after effects of genotype by environment 
interactions were removed (Tables 24 and 25). This would indicate the 
necessity of evaluating the genotype by environment interaction effects 
before reliable estimates of these parameters could be considered. 
While significant only in the more favorable environment (environ­
ment 3), a slight trend to late maturity and dense seed was observed 
(Table 26). This generally agrees with previously reported investiga­
tions that early maturity was associated with high oil. Few significant 
associations were observed for seed density with yield, lodging, or early 
lodging. 
While not significant within an environment, when observed across 
environments, height was positively associated with seed density. There 
was a small negative association of seed size with seed density in 
AX143, however, large seed was associated with dense seed in AX144. 
Genetic Advance and Correlated Response 
1 
Density of a substance is the mass per unit volume expressed as grams 
per cubic centimeter. Relative density of a substance is the ratio of 
its density to that of a second substance. Specific gravity is the 
relative density of a substance to water. Absolute density of water 
according to the International Bureau of Weights and Measures is--l 
cubic centimeter of water has a mass of .999973 at 3.98°C. For practical 
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purposes the density of water can be assumed to be 1. Therefore, the 
specific gravity of a substance is its density in relationship to water. 
Under the above considerations the glycerol-water solutions used 
in this study were measuring seed density. A seed would sink in a certain 
concentration of glycerol and water if the density of the seed was 
greater than the density of the solution. Consequently, the result of 
high and low specific gravity separations would select seeds with high 
and low density, respectively. 
The density of a random lot of seed from each plot was obtained by 
dividing the weight of the seed by the volume of the seed. The volume 
was measured using a Beckman gas pycnometer. The measurements were 
taken two or more segregating generations following the selection by 
specific gravity. The density measurements herein would give only average 
seed density values for a line while specific gravity selection would 
give values greater than or less than a given specific gravity. 
Assuming a 1:1 relationship between specific gravity and seed 
density and that selection pressures between separations were multi­
plicative, predicted genetic advances and correlated responses were 
calculated for cycles 1 and 2. The first assumption is based on the 
preceding discussion. The validity of the latter assumption may be 
questioned, however, it was necessary since testing was not practiced 
after each specific gravity separation. 
The predicted responses were calculated using the following formulas: 
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^ = ih^a , 
X X x' 
and 
AR = ih h r o , 
y X y gxy y' 
where ^  = AR. are genetic advance for character X and the correlated 
response for character Y when selecting for X, respectively. Further, 
2 
i, h^, hy, Oy, and are selection intensity, heritability of X, 
square root of heritability of Y, genetic correlation between X and Y, 
phenotypic standard deviation for Y, and phenotypic standard deviation 
for X, respectively. 
Predicted genetic advance and correlated response for cycle 1 was 
calculated using parameters estimated in the control population tested 
over environments 1, 2, and 3. Predicted progress expected in cycle 2 
was calculated using parameters estimated in cycle 1. The selection 
intensity values used for each population are presented in Table 27, 
Predicted and actual genetic advance and correlated responses for 
cycle 1 and cycle 2 are presented in actual units in Tables 28 and 29, 
respectively. The predicted and actual genetic advance for seed density 
were in close agreement for cycle 1 (Table 28). Both predicted correlated 
and actual responses for protein and oil were in the desired directions. 
The actual response exceeded those predicted for protein, however, for 
oil the predicted and actual were in very close agreement for AX143 in 
environment 3. Actual responses in AX144 midseason and late were less 
than predicted for both environments. 
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Table 27. Selection intensities used to calculate genetic advance and 
correlated response 
Gross-maturity -
'HI LO HI LO 
AX143 E 2.048 2.048 2.111 2.100 
M 2.016 2.111 2.016 2.111 
L 1.948 2.009 1.932 1.848 
AX144 2.156 1.932 2.220 2.114 
Actual genetic advance for seed density in cycle 2 (Table 29) was 
lower than predicted in the high population. The reverse trend was 
evident for the low population. The close agreement between predicted 
and actual observed in cycle 1 was not as evident in cycle 2. The actual 
response for protein exceeded the predicted in the high population for 
AX143. In the high population in AX144, the actual advance was decreased 
from the previous cycle (Tables 28 and 29). Apparently continued 
selection was not effective in these populations. When observed over 
environments the actual responses were greater than predicted in the 
high population and less than predicted in the low populations (Table 
29). For oil, the predicted correlated response tended to exceed the 
actual response in each environment. In several populations a regression 
to the original population was indicated by the reversal of predicted 
to actual response. 
The assumption that the selection pressures between separation were 
multiplicative was reasonably valid. If the actual percent saved over 
two separations was a function of additivity between separations or any. 
Table 28. Predicted and actual genetic advance for seed density and correlated response for protein 
and oil resulting from selection for seed density for CI for each cross-maturity group 
Actua 1 
Character and Predicted 
Hi 
Environment 
Lo 
Environment 
population Co mean Hi Lo 2 3 2,3 2 3 2.3 
Seed density 
AX143 E 1.265 .001 -.001 .002 .010 .005 -.001 .002 .000 
M 1.277 .004 -.004 .003 .007 .005 .000 -.003 -.001 
L 1.267 .001 -.001 -.001 .003 .001 -.006 .004 -.001 
AX143 M 1.270 .001 -.001 .004 .004 .004 .001 -.003 -.001 
L 1.262 .012 -.010 .003 .001 .002 -.006 -.002 -.004 
Protein 
AX 143 E 41.4 .7 -.7 1.6 .8 1.2 -.5 -.7 -.7 
M 41.5 .5 -.5 .0 .7 .4 -1.3 -1.3 -1.3 
L 42.6 .9 -.9 1.2 -.2 .5 -1.8 -1.2 -1.5 
AX144 M 40.1 .8 -.6 2.2 .5 1.3 -.6 -.8 -.7 
L 40.2 1.8 -1.6 1.0 .9 1.0 -.6 -.8 -.6 
Oil 
AX143 E 21.2 -.4 .4 -.9 -.7 -.8 .1 .8 .4 
M 20.5 -.7 .7 .1 -.6 -.3 1.0 .6 .8 
L 19.7 -.8 .8 .0 0.2 .0 1.0 .6 .9 
AX144 M 21.9 -1.2 1.0 -.5 0.3 0.3 .8 .6 .7 
L 22.2 -1.5 1.3 -.6 -.9 -.8 .3 .3 .3 
^Mean for environment 2 and 3 combined. 
Table 29. Predicted and actual genetic advance for seed density and correlated response for protein 
and oil resulting from selection for seed density for C2 for each- cross-maturity group 
Actual 
g Hi Lo 
Character and CI mean Predicted Environment Environment 
population Hi Lo Hi Lo 2 3 2^ 2 3 2 .3 
Seed density 
AX143 E 1.270 1:265 .012 -.006 .005 .005 .006 -.001 .003 .001 
M 1.282 1.276 .000 -.003 .001 .000 .001 -.002 .001 -.001 
L 1.268 1.266 .006 -.006 .005 .011 .008 .004 -.001 .002 
AX144 M 1.274 1.269 .009 -.003 .000 -.001 -.001 .000 .002 .000 
i L 
\ 
1.264 1.258 .000 -.007 .001 \ .006 .003 .003 .003 .003 
Protein 
AX143 E 42.6 40.7 1.0 -.4 1.5 1.0 1.2 .5 -.9 -.2 
M 41.9 40.2 .0 -.6 .9 .4 .6 .3 -.1 .1 
L 43.1 41.1 .3 -.7 .2 .6 .4 .1 -.1 .0 
AX144 M 41.4 39.4 .2 -1.2 -.7 -.4 -.5 -.1 -.6 -.4 
L 41.2 39.6 .0 -.1 -.6 -.2 -.4 -.6 -.2 -.4 
Oil 
AX143 E 20.4 21.6 -1.8 1.0 -.5 -1.2 -.6 -.3 .3 .0 
M 20.2 21.3 .0 .8 -.1 -.8 -.4 -.5 -.2 -.4 
L 19.7 20.6 -1.1 .9 -.6 -.7 -.6 .0 -.3 -.2 
AX144 M 21.6 22.6 -1.6 .1 -.1 .1 .0 -.4 .0 -.1 
L 21.4 22.5 .0 .3 -.2 -.4 -.3 .3 .6 .4 
^Means for environment 2 and 3 combined. 
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combination of additivity and multiplicativity then lower values would 
have been realized for the predicted advances. 
The relatively close agreement between predicted correlated response 
and those actually observed suggests that selection for chemical composi­
tion through seed density would be effective. However, the response in 
a character as the result of selection for another character would be 
dependent upon the heritabilities of each character and the phenotypic 
and genotypic association between the characters. The accuracy with which 
predicted advance estimated the actual advance depends upon the accuracy 
of estimating the parameters and the effects of environmentia 1 influences 
on each character. 
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SUMmHY AND CONCLUSIONS ' 
The effects of two cycles of mass selection by specific gravity on 
the chemical composition and on seven agronomic characters were invest­
igated in two soybean populations. These effects were evaluated in three 
environments for cycle 1 (F^ derived lines after two specific gravity 
separations) and in two environments for cycle 2 (F^ derived lines after 
four specific gravity separations). Analyses of variance and covariances 
were obtained for all characters in each environment and combined over 
environments 2 and 3. 
After cycle 1 the original populations were stratified into groups 
differing in chemical composition. High specific gravity populations 
had a larger mean protein and lower mean oil content than the control 
populations. Low specific gravity populations were above average in oil 
and below average in protein content. 
The rate of progress from mass selection differed between maturity 
groups within a cross and between environments. Averaged across environ­
ments , the increased protein content for the high populations ranged 
: from 0.3% in AX144 midseason to 1.2% in AX143 early. Corresponding 
decreases in protein content for the low populations ranged from 0.6% in 
Ax 144 late to 1.5% in AX143 late. Similar variability in the rate of 
progress was observed for oil. Within the five maturity groups, the 
increase in oil ranged from 0.1 to 1.0% in the low populations and the 
decrease in oil ranged from 0.0 to 0.9% in the high populations. 
The effects of continued selection within a cross varied with 
maturity groups and specific gravity populations. In AX143, continued 
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selection resulted in increased protein and decreased oil in the high 
populations. In contrast, the low populations in this cross expressed 
a decrease in both protein and oil as selection was continued. In AX144, 
continued selection was effective in the desired direction in the low 
populations, but a decrease in protein was observed in the high populations. 
Frequency distributions based on mean line performance and deviations 
from the control population means indicated that mass selection had 
altered the original distribution. 
Specific gravity separations effectively mass selected for seed 
density. High specific gravity separations selected high density seed 
while low specific gravity separations effectively selected seed with 
low density. 
Mean yield, maturity, height, and seed size differed between cycles 
of selection in the control and selected populations. These differences 
in the selected populations, however, were not entirely attributable to 
the effects of mass selection since differences were observed between 
cycles in the control populations. It was suggested that the late 
maturity of cycle 2 resulted from improper sampling. Differences observed 
for yield, height, and seed size were attributed to late maturity. 
Estimates of genotypic variances were obtained on all characters for 
the selected populations in each maturity group. With the exception of 
protein these variances decreased between cycle 1 and cycle 2 for all 
characters. 
Heritabilities for yield were the lowest and the most sporadic __ 
observed. Heritability estimates for protein and oil were high with 
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the estimates in environment 3 exceeding the estimates in environment 2. 
AX144 had markedly lower estimates of heritahility for protein, oil, 
and seed density than were observed for AX143. Seed density was 69% 
heritable when observed across all populations and environments, 
Genotypic correlations were larger in magnitude than the phenotypic 
correlations. Seed density was positively associated with protein and 
negatively associated with oil. These associations were more strongly 
expressed in AX143 than in AX144. Seed density was not associated with 
yield, lodging or early lodging. A small correlation was obtained between 
late maturity and dense seed. Seed size and seed density were negatively 
correlated in AX143 and positively associated in AX144. 
Predicted genetic advances for seed density were in close agreement 
with actual advances for cycle 1. While the predicted correlated 
responses and actual responses for protein and oil were in the desired 
direction, the actual responses exceeded those predicted for protein. 
The close agreement between predicted and actual genetic advances for 
seed density observed in cycle 1 were not as evident in cycle 2. In 
cycle 2 the predicted correlated responses for oil exceeded those actually 
observed. The actual responses observed for protein were greater than 
predicted in the high populations and less than predicted in the low 
populations. Selection for chemical composition through seed density 
would be effective. 
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